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PREFACE 


The  author's  object  in  foisting  still  another  bridge  book  upon  bis  Jong- 
fliifferiiig  brother  engineen  is  twofold,  vii.: 

• 

First,  A  desire  to  leave  behind  him  for  the  benefit  of  the  next 
generation  of  bridge  specialists,  in  shape  readily  available 
for  use,  a  solution  of  all  the  major  economic  problems  in 
bridgework  and  an  extensive  treatment  of  most  of  the  minor 
ones.  He  has  endeavored  to  cover  every  possible  economic 
question  of  importance;  and,  if  any  such  be  omitted,  it  is 
because  he  did  not  rccojrnizc  their  existence.  To  what 
extent  he  has  succeeded  in  this  endeavor  can  he  determined 
only  by  the  reception  which  the  book  meets  from  the 
engineering  profession. 

Second.  To  show  to  speciahsts  in  all  branches  of  the  engineering 
profession  the  type  of  book  on  economics  which,  in  his 
opinion,  each  specialty  needs  and  how  broad  and  thorough, 
if  possible,  should  be  the  treatment  of  the  subject. 

The  antbor  feeb  that  he  is  the  logical  person  to  write  a  book  upon  the 
eooDoniios  of  bridgewoik,  because  he  has  been  Investigaking  the  matterfor 
thffly-seven  years,  and  has  dealt  at  length,  upon  more  than  twenty  different 
oocarions,  in  bwte,  pamphfets,  and  memounB,  with  various  economic  topics 
on  the  subject  of  bridge  designing,  as  can  be  seen  by  referring  to  the  Urt  of 
the  said  writings  given  in  the  Appendix. 

An  explanation  but  not  an  apology  is  needed  for  the  fact  that  certain 
portions  of  "Bridge  Edgineaing"  have  been  copied  in  a  few  of  the  chap- 
ters. As  that  work  from  start  to  finish  is  impregnated  with  the  funda- 
mental idea  of  economy,  and  as  this  book  is  intended  to  cover  the  entire 
field  of  bridge  economics,  it  was  necessary  to  indude  herein  the  gist  of  all 
that  appears  on  the  matter  in  that  work,  as  well  as  the  substance  of  all  the 
author's  economic  writings  that  are  subsequent  to  its  publication.  Wher- 
ever anything  previously  written  on  the  subject  could  advantageously  be 
modified  or  enlarged,  tUs  has  been  done;  but  iriiere  it  could  not  be  im- 
proved upon  or  augmented,  the  only  thing  to  do  was  to  copy  it  oertelm. 
Hence,  should  any  reader  see  any  portion  of  ''Economics  of  Bridgeworic," 
which  appears  familiar  to  him,  he  has  read  this  preface  he  will  under- 
stand the  reason  therefor  and  wiO,  the  author  trusts,  excuse  the  occurrence. 
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In  proof  of  the  previous  statement  that  the  treatment  tiirouglioiit 
"Bridc^  Engineering"  is  based  on  the  oonoeption  of  ecxmamics,  thm  is 
offered  the  foDowing  extract  from  a  review  of  that  woric  written  by  Albert 
Beiohmann,  Mem.  Am.  Soc.  C.E.,  and  published  in  the  October,  1916, 
issne  of  the  Journal  of  the  Western  Society  of  Engineers. 

"In  a  larger  sense,  this  wofk  is  a  treatiBe  on  the  subject  of  'Economics 
of  Bridge  Engineering.'  This  train  of  thought  can  be  traced  throughout 
the  entire  work,  all  subjects  being  treated  fully  and  in  a  broad  way,  and 
with  the  idea  of  value  constantly  brought  out." 

There  is  a  salient  feature  of  the  present  book  to  which  attention  should 
be  called,  and  that  is  the  scarcity  of  treatment  of  economic  problems  by 
pure  mathematics,  nearly  all  the  formulse  given  being  semi-rational,  semi- 
empirical.  The  reason  for  this  is  that  the  conditions  affecting  most  of  the 
economic  questions  in  bridge  designing  are  far  too  complicated  to  lend 
themselves  to  solution  by  mathematical  manipulations.  This  fact  has  not 
always  been  recognized  by  engineering  writers;  for,  during  the  hust  three  or 
four  decades,  numerous  attempts  have  l>ecn  niacle  to  settle  important  eco- 
nomic bridge-problems  mathematically,  with  the  result  that  the  conclusions 
thus  drawn  have  proved  t  o  be  erroneous  and  generaUy  totally  useless. 

It  is  prognosticated  that,  in  the  future,  there  will  he  no  such  fundamental 
changes  in  methods  of  liridge  de^sign  and  const  nu  tion  as  to  render  really 
incorrect  the  numerous  economic  cone  lusions  reached  herein;  Ixnause 
bridge  building  him  now  l)ecome  fairly  well  systematized.  About  the  only 
important  change  in  sight  is  the  adoption  of  high-alloy  steel  for  long-span 
superstructures;  and  the  effects  of  this  have  been  duly  anticipated.  The 
reasons  for  this  belief  are  that  the  investigations  upon  which  the  book  is 
based  were  in  general  predicated  uj)()n  fundamental  engineering  principles 
that  do  not  var>';  and  that  the  effects  of  possible  changes  in  imit  prices  of 
materials  in  place  and  in  other  general  conditions  affecting  design  have  been 
indicated.  While  it  is  true  that  an  abnormal  variation  of  a  temjx)rary 
nature  in  the  unit  price  of  some  hnportant  mat(M  ial  of  bridge  construction, 
some  [X'cuhar  feature  of  structure-location  affecting  erection,  or  possibly 
some  other  cause,  may  change  somewhat  the  findings  stated  herein,  it  must 
Ixi  remembered  that,  a.s  ])ointed  out  in  several  jilaces,  up  to  a  certain  limit  a 
considerable  divergence  from  the  exact  economic  condition  will  usually 
cause  no  serious  augmentation  of  total  cost.  This  is  the  saving  clause 
which  renders  the  author's  economic  conclusions  SUjQiciently  dependable 
for  the  future  ;\8  well  as  for  the  prescnit. 

The  storj'  of  the  writing  of  this  treatise  is  as  follows: 

In  the  summer  of  1916,  when  "Bridge  Engineering"  was  issued,  the 
author  recognized  that  there  was  one  very  important  bridge  subject  that 
he  had  not  completely  covered,  viz.,  economics;  and  he  thereupon  listed 
ten  major  economic  problems  at  that  time  unsolved,  and  came  to  the  deter- 
mination that  they  should  no  longer  be  left  in  that  condition,  if  he  could 
prevent  it.  After  repeatedly  failing  to  interest  any  other  investigator  in 
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thn  matter,  he  himself  undertook  the  task  and  acoompliahed  it,  at  leant  to 
his  own  satisfaction,  in  four  years  of  hard  work. 

The  following  is  a  list  of  the  said  eoooonufi  queetiona  arranged  in  the 
Older  of  their  final  aolution: 

1.  Economics  of  St^el  Arch-Bridges. 

2.  Comparative  Economics  of  Cantilever  and  Suspension  Bridges. 

3.  Ekjonomic  Span-Lengths  for  Simpie-Truss  Bridges  on  Various 
Tyix?s  of  Foundation. 

4.  Possibilities  and  Economics  of  the  Transbordeur. 

5.  Comparative  Economics  of  Continuous  and  Non-Continuous 
Trusses. 

6.  Comparative  Economics  of  Wire  Cables  and  High-Alloy-Steel 
Eye-bar-Cables  for  Ix)ng-Span  Suspension-Bridges. 

7.  Economics  of  Reinforced-Concrcto,  St  cam-Railway  Bridges. 

8.  De  VEmploi  ticmomiqae  des  AUiagea  d'Ader  dans  la  Caruiruction 

des  Ponfs. 

9.  Bridge  Versus  Tunnel  for  the  Proposed  Hudson  River  Crossing 
at  New  York  City. 

10.  Economics  of  Movable  Spana. 

Aa  faat  aa  these  eoonomic  inveatigaiionB  were  finiahed,  they  were 
separate  incorporated  in  chapteiB  of  this  book,  occaaionalty  tn  fofo  but 
generally  with  sliglit  modifieattona  or  omiaaiona. 

In  the  pvQiaration  of  a  few  portions  of  the  manuBeiipt^  the  author  haa 
received  vahiable  asaiatanoe  from  the  following  engbeenB,  to  whom  he 
herewith  tenders  hiB' hearty  thanka:  Messrs.  Thomas  £.  Brown,  Leon  L. 
Clarice,  Wataon  Vredenbiugh,  Thomaa  Earle,  C.  M.  Canady,  Harry  K. 
Seltier,  Joseph  J.  Yates,  Frank  W.  Skinner,  Charles  F.  Loweth,  Carl  8. 
Heritage,  J.  G.  Chalfant,  Vernon  R.  Covell,  Edward  A.  Byrne,  J.  B.  W. 
Gardiner,  L.  H.  Beaoh,  P.  S.  Bond,  A.  H.  Salnn,  and  Shortridge  Hardesty. 

The  special  portions  of  the  hock  whereon  these  gentlemen  have  aided 
are  indicated  throughout  the  text,  exoqiting  in  the  case  of  the  author's 
assistant  engineer,  Mr.  Hardesty,  who  helped  with  certain  of  the  oal- 
culations  and  gave  the  entire  treatise  a  general  check. 

It  may  be  of  interest  to  some  readers  to  learn  how  Chapter  XLIV  on 
''Economics  of  Military  Bridging  "  happened  to  be  included  in  the  book; 
for  it  ia  a  subject  concerning  which,  before  the  said  chapter  was  written, 
the  author  knew  practioaUy  nothing.  Incidentally  it  came  to  the  atten- 
tion of  Major  R.  W.  Lewis — a  young  engineer  who  served  with  distinction 
in  the  American  Army  on  the  battle  fields  of  France,  and  a  son  of  Col.  I.  N. 
Lewis,  the  famous  inventor  of  the  machine  gun  which  bears  his  name,  and 
which  so  greatly  aided  the  Allies  in  winning  the  war — that  this  book  was  in 
course  of  preparation.  He  thereupon  called  on  the  author  and  jiskcd  if  he 
would  consider  favorably  a  suggestion  to  insert  in  the  treatise  a  chapter 
prepared  officially  by  the  Engineer  Corps  of  the  Anny  on  the  subject  of 
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economies  of  militarj'  bridj^ework.  Upon  receiving  an  acquiescent  reply, 
Major  Lewis  proceeded  to  tlie  Capital,  consulted  Major  General  Beach, 
the  Chief  of  Engineers,  and  made  a  like  sugj^estion  to  him.  The  result 
was  that  the  General  agreed  to  write  a  "Foreword"  for  the  chapter,  and 
detailed  Col.  P.  S.  Bond,  in  consultation  with  some  of  his  brother  officers, 
to  do  tlie  writing.  The  author  deems  the  outcome  an  t'xceedin^ly  vuliiable 
addition  to  liis  book;  and  he  hopes  that  many  of  his  readers,  in  con.scciucnce 
of  its  p<^rusal,  will  Ik'  induced  to  take  such  an  interest  in  military  bridge 
engineering  as  to  ensure  that  they  shall  be  Ix'tter  prepared  to  serve  our 
country  in  case  of  war  than  were  most  of  the  civilian  engi'jeers  when  the 
call  to  arms  came  in  1917. 

It  is  intended  that  this  shall  be  th("  la.st  tec^hnical  book  which  the  author 
Will  ever  write,  for  reasons  explained  in  the  concluding  chapter;  and  he 
hopes  that  it  and  its  immediate  predecessor,  "Bridge  Engineering,"  will, 
for  many  a  year  to  come,  prove  of  real  service  to  the  engineers  of  his 
specialty,  in  the  aflvancement  of  which,  almost  ev(»r  since  graduation 
forty-five  years  ago,  he  has  taken  an  intense  and  absorbing  interest. 
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CHAPTER  I 

■ 

mTBODUCnON 

UpQir  the  fleientifie  application  of  the  principles  of  trae  eoooomy  in  all 
lime  of  aetivHy  will  depend  the  suoceaB  ol  every  one  of  the  great  nations 
in  the  worid«0truggle  for  bminww  mxgmnB/Sfy  which  is  about  to  follow  the 
final  close  of  the  Great  War.  This  statement  is  peculiarly  applicable  to 
the  United  States  of  America,  which  is  always  unavoidably  handicapped  by 
the  high  cost  of  labor,  and  at  present  is  unnecessarily*  and  stupidly  ham- 
pered by  an  epidemic  of  strikes  and  a  wide-spread  insane  desire  to  shorten 
working  hours  far  below  the  minimum  limit  requisite  for  adequate  produc- 
tion of  the  necessities  of  life  for  our  own  countr>'  alone. 

Until  iiumkind  recognizes  that  labor  is  a  blessing — not  a  curse — prog- 
ress will  be  slow,  and  the  development  of  the  world  in  all  lines  will  be 
seriously  impeded.  No  healthy  man  or  woman,  or  even  a  ehikl  of  scIkkiI 
age,  is  injured  by  eight  houre  ix;r  day  of  fairly-strenuous  physical  or 
mental  exercise,  i)r()vi(ied  that  its  character  be  suited  to  the  individual's 
age,  capacity,  and  tiuste.  When  one  is  healthily  tired  upon  the  expiration 
of  his  daily  ta,sk,  he  is  in  condition,  aft<'r  a  ver\'  short  rest,  to  enjo}'  his  food 
and  recreation;  but  any  iH'rson  liaving  no  s<'ttled  occupation  nor  any 
regular  duties  to  |x;rform  is  an  unhappy,  discontented  individual  who  not 
only  spoils  his  own  life  but  also  interferes  with  the  cujoyment  aud  well- 
being  of  all  fXTsons  with  whom  he  comes  in  contact. 

A  real  love  for  work  ;>er  se  should  hv  inculcated  in  every  child  by  its 
parents  and  teachers;  and  extra  work  should  never  Ik-  jiivcn  as  a  ])unish- 
ment,  Ix^cause  so  doing  would  en^cmier  a  distaste  for  lal)<)r.  All  work 
should  be  ma<le  as  pleasiint  and  interesting  jis  possible,  not  only  for  chil- 
dren but  also  for  adults;  and  if  anyone  cannot  learn  to  like  tlie  occupation 
to  which  he  has  Immmi  assiuiuMl.  the  character  of  his  employment  should 
be  chan^rcd  from  time  to  time  until  he  finds  a  niche  into  which  he  fits  com- 
fortably. This  development  of  a  love  for  work  in  the  young  is  s|X'cially 
important  in  relation  to  study;  l)ecause,  when  an  individual  once  becomes 
truly  interested  in  his  occupation,  be  it  either  mental  or  physical,  his  life's 
battle  is  already  more  than  half-won. 
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For  several  years  the  U.  S.  A.  has  had  a  unique  opportunity  to  become  in 
all  lines  the  lea<ling  nation  of  the  world;  Inil  alas!  it  has  not  recofjnizcd 
the  exist<3nce  of  this  ini|X)rtant  privilege  or  taken  the  steps  necessary  for 
its  utilization.  Latin-Aincrica  is  knocking  at  our  door  asking  us  to  do 
business;  the  nations  of  Asia,  Africa,  and  Australasia  are  eager  to  ent^r 
into  commercial  relations  with  us;  and  tii(!  i)eoples  of  war-afllictcd  Europe 
need  both  our  manufactures  and  our  raw  materials.  But  what  foreign 
business  can  we  do  when  Americans  in  general  are  willing  to  work  only  six 
hours  per  day  and  live  days  per  week — and  even  then  with  lessened  effi- 
ciency? That  amount  of  effort  is  insufficient  to  provide  for  home  necessi- 
ties; and,  therefore,  it  is  entirely  inadetjuate  for  the  development  of  foreign 
trade.  The  beaten  Huns  and  their  deluded  allies  will  have  to  work  long 
hours  for  many  a  year  to  come,  in  order  to  pay  the  principal  and  interest 
of  the  immense  debts  which  are  a  just  punishment  for  their  iniquitous 
endeavor  to  conquer  the  rest  of  the  world  and  impose  upon  it  their  vicious 
system  of  "kultur  ";  the  innocent  nations  whom  they  have  despoiled  will 
bave  to  labor  just  as  steenuoudy,  in  order  to  repair  their  damages  and 
repay  the  money  they  were  foieed  to  bonrow  in  their  dire  struggle  to  main- 
tain national  existence;  and  even  the  people  of  Great  Britain  and  her 
colonies  will  be  compelled  to  woriL  overtime  to  reduce  their  enonnous  in- 
debtedness. While  all  these  pecqples  are  laboring  year  in  and  year  out 
early  and  late  for  six  and  even  seven  days  per  week,  what  will  eventually 
happen  to  this  country  if  its  inhabitants  cut  down  the  hours  of  labor  and 
insist  notwithstanding  upon  maintaining  an  extravagant  style  of  living? 
There  is  but  one  answer  to  this  question,  and  that  is  Dike  Disaster! 

Even  should  the  American  populace  awaken  to  the  fact  that  it  is  necoih 
saiy  for  them  to  work  full  time,  the  difficulty  wiU  still  not  be  overcome; 
beoause  the  average  personal  efficiency  of  Americans  in  all  lines  is  decidedly 
lower  than  it  was  in  ante  hdhm  days.  This  inexcusable  evil  wiU  certainly 
have  to  be  corrected;  but  even  then  our  country  will  be  handicapped^  for 
it  muflt  not  be  forgotten  that,  notwithstanding  our  being  the  one  great 
creditor  nation  of  the  worid,  the  war  has  run  us  deep^  into  debt,  and  that 
it  wiU  require  hard  work  and  plenty  of  it  to  pay  the  interest  and  liquidate 
the  principal. 

What  then  can  be  done  to  increase  our  national  effioeucy  to  the  eortoit 
which  is  necessary  for  the  maintenance  of  the  improved  general  style  cf 
living  of  the  so-called  wwldng  dasses  and  at  the  same  time  outstrip  our 
competitore  for  the  business  supremacy  of  the  world?  The  answer  to  this 
momentous  question  is  not  difficult,  althouc^  the  accomplishment  of  the 
desideratum  may  prove  to  be  far  from  eaqr.  It  is  to  devdop  throughout 
the  entire  country  to  the  utmost  lunit  both  the  theory  and  the  practice  of 
true  economy  in  every  line  of  endeavor.  By  the  expression  "true  econ- 
omy" is  not  meant  depriving  people  of  either  the  necessities  or  even  the 
luxuries  of  life  (althougjh,  truth  to  tell,  a  curtailment  of  the  latter  would 
greatly  aid  in  expediting  the  desired  result),  but  a  universal  increase  m 
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pereonal  eflkienoy— ^  eliminttHon  of  useten  effort—A  flysCematlCy  sdeii- 
tific  study  of  how  best  to  accomplish  all  important  deadenilar-«Qd  keep- 
ing usefully  and  efficiently  occupied  all  members  of  society. 

As  almost  all  the  material  progress  of  mankind  is  either  directly  or 

indirectly  due  to  the  work  of  the  engineer,  the  importance  of  increasing  his 
efficiency  is  j^aramount;  and,  hence,  the  study  and  development  of  the 
science  of  engineering  economies  is  of  ])rinie  importance.  Notwithstanding 
this  incontrovertible  truth,  it  is  a  fact  that  in  times  past  our  universities 
and  t^^'chnical  schools  have  almost  entirely  ignored  this  fuiuianiental  and 
vitally-unjKjrtant  reciuirement  of  the  engineering  profession.  Only  a  few 
of  them  provided  in  the  curriculum  any  instruction  at  all  in  technical 
economics;  and  even  these  did  not  attach  to  the  course  anything  like  the 
importance  which  is  its  due. 

A  few  years  ago,  the  Society  for  the  Promotion  of  Engineering  Educa- 
tion, awakening  to  a  reaUzation  of  its  shortcoming  in  this  vital  matter, 
apix)inted  a  committee  of  four,  of  which  the  author  was  chairman,  to  inves- 
tigate and  report  upf)n  the  subject  of  "The  Study  of  Economics  in  Tech- 
nical Schools."  After  working  upon  the  question  for  two  years,  the  com- 
mittee re|>()rted  unannnously  in  favor  of  the  subject  being  taught  in  all 
technical  courses,  and  indicated  the  ground  that  ought  to  be  covered 
and  ihv  mininmm  amount  of  time  that  should  be  allotted  to  it  in  the 
curriculum.  This  wjis  an  far  as  the  other  three  membera  of  the  committee 
at  that  time  were  willing  t-o  go;  but  the  author  went  farther  by  sulmiitting 
a  supplementary  report  advocating  the  preparation  of  an  elaborate  treatise 
on  "The  Economics  of  Engineering"  by  a  large  numlxT  of  carefully- 
chosen  specialists  under  the  auspices  of  the  Society.  As,  in  the  author's 
opinion,  this  suggestion  of  his  is  of  national  importance,  he  herewith  repro- 
duces verbatim  the  said  supplementary  report. 

"This  is  by  no  means  a  miiiority  report^  for  the  writer  theraof  apw  hevtily  ivilh 

•H  the  conclusions  of  the  committee,  the  mcmhcre  of  which  are  now  in  entire  aooord 
on  all  matters  considorod,  after  having  discussed  at  fo^eat  length  many  mooted  points; 
but  it  is  a  supplmu  uUinj  roport.  or  something  in  the  nature  of  a  c()rollar>'.  It  i.s  true 
that  the  fundamental  suggestiuu  it  contains  was  made  to  the  committee,  but  it  was 
noi^deonied  adviaable  to  indude  it  in  the  fonnal  report;  hmee  the  writer  mekes  it 
npon  bii  own  mponeibiUty . 

"Biiefli^  stated,  it  h  that  the  Society  undertake  the  compilation  into  book  form  of  a 
large  number  of  monopTaj)hs  to  be  prepare<l  by  the  most  eminent  American  or  Canadian 
specialists,  one  in  earh  <livision  or  subdivision  of  engineering,  all  of  the  said  mono- 
graplis  bemg  edited  and  introduced  by  a  special  committee  of  the  Society,  and  treating, 
in  as  complete  a  manner  as  practicable,  of  the  economics  of  design  and  coustructicm 
in  the  yarious  lines.  TIm  bodk  (whieh  might  yvy  pfoperiy  be  celled  'Hie  Eoonomics 
of  Engineering')  should  begin  with  a  full  'Introduction'  explaining  the  raAmi  d'Hint 
of  the  work,  giving  a  hi.story  of  its  compilation,  and  ofTering  s'lggej^tioOB  tS  tO  how 
beet  it  may  be  utiUzcd,  both  in  its  own  forni  and  in  smaller  derived  Ik)oL'<. 

"This  chapter  should  be  followed  by  one  whicli  treats  fully  of  the  fundamental 
economic  problem  underlying  every  imixirtuut  cugincering  enterprise,  vis.,  its  luiancial 
pcobebilitieB  and  possihilitiei— In  other  woidi,  whether  the  project  under  oanidewlioii 
would  prove  to  be  a  profitable  invertnitnt. 
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"Following  this  should  come,  preferably  in  their  alphabetical  ordefi  tlie  bolon- 
mentioned  t rmt tncnts  of  the  eooiumiicB  of  design  and  ooustruction  in  the  Tariooa  engi- 

neehng  siH-ciHltii'.'*. 

"Such  a  truuli»e  would  coustitute  an  cncyclopuKlia  of  practical  information  on  one 
of  the  most  importwit  featurai  of  modem  tachnice.  It  would  be  invaluable  to  both 
the  inactidng  eogineen  and  the  teachen  of  engineering;  alao  to  the  better  daas  of 

engineering  students,  or  those  of  them  who  are  not  afraid  of  hard  work — especial^ 
poHt-gniduato  students.  But  in  order  to  make  it«  cont<'nts  of  use  to  the  average  stu- 
dent, it  would  1x3  necessary  to  prepare  from  it  tcxt-lxxjks  of  a  simple  character.  Should 
the  Society  favor  having  such  a  treatise  issued  under  it«  auspices,  a  publisher  of  estab- 
lished reputation  oouM  imdoubtedly  be  found  to  finance  the  undertiJdng  and  isni^ 
the  work  at  his  own  expense — prefcnbly  without  paying  any  royalty,  in  order  to  keep 
the  selling  pri-^o  down  to  a  minimum. 

"A  short  time  ago,  by  the  mqucst  of  the  Dojin  of  the  Knginoering  Department  of 
the  University  of  Kansas,  the  writ^jr  propunxi  and  delivered  n  eourse  on  'Engineering 
Economics'  in  three  locturce  to  the  engineering  faculty  and  students  of  that  institu- 
tion. The  Univefsity  has  bctely  published  these  lectures  in  pamphlet  fonn;  and  the 
writer  has  placed  a  few  copies  thereof  at  the  disposal  of  this  meeting.  The  fint  lecture 
deals  w\ih  the  fundamental  economic  problem  of  finance  before-mentioned;  the  second 
treats  in  general  detail  of  the  economics  of  bridge  design  and  constnirtion;  and  the 
third  is  a  comjiilation  of  certain  data  f umiahcd  by  the  courtesy  of  a  number  of  prominen  t 
specialists,  outlining  in  a  general  way  the  economics  of  design  and  construction  in  their 
spedaltleB.  The  writer  would  be  wiUing  to  rewrite  and  expand  the  fint  lecture  so  as 
to  make  it  serve  for  the  second  chapter  of  the  proposed  treatise;  and  the  second  lec- 
ture could  1)C  sent  to  each  of  the  chosen  specialists  in  order  to  indicate  the  extent  of 
the  drairtid  thoroughness  of  treatment  of  hi.s  subject,  and  to  serve  othenvise  ns  a  guide 
to  him  in  the  preparation  of  the  manuscript.  If  it  were  expanded  l»y  the  writer  so  as 
to  include  the  '  Economics  of  Steel  Arch  Bridges/  it  might  serve  for  the  chapter  devoted 
to  the  specialty  of  bridge  engineering. 

"The  third  lecture,  which  nowhere  aims  at  completeness,  would  prove  useful  in 
suggesting  some  of  the  salient  topics  which  should  be  covered  in  the  writings  of  a  few 
of  the  spec  ia  lints. 

"The  preceding  proposal  Is  niade  with  all  due  deference  to  the  distinguished  tech- 
nical educators  and  practicing  engineers  of  which  this  Society  is  so  largely  composed, 
in  the  hope  that  it  will  meet  with  a  favorable  reception  and  will  prove  to  be  the  means 
of  materially  augmenting  the  amount  of  available  technical  knowledge  in  a  line  of 
thought  which  has  not  reoeived,  up  to  the  present  time,  the  ctmsideration  which  is  its 
due. 

"llespectfully  submit  t^^, 

"J.  A.  L.  Waddell, 

"Chairman." 

This  report  was  road  by  the  author  at  an  annual  meeting  of  the  Society; 
and,  in  roBponsc  to  his  suggestion,  a  conunittee  of  three  inombers  was  ap- 
pointed to  consider  and  report  upon  the  proposiil.  At  tho  next  annual 
meeting  that  committee  recommended  against  the  Society's  fathering 

the  suggested  enterprise. 

Failing  in  this  endeavor,  the  author,  over  a  >'ear  ago,  made  to  the 
National  Economic  Ix^aj^ue,  of  which  he  is  a  moTiihor.  tho  suggestion  that 
it  undertake  the  work  which  the  S.P.E.E.  had  refused;  but  the  first- 
mentioned  organization  has  not  yet  taken  any  action.  Assuniinp;  that  the 
long  delay  indicates  that  this  society  also  intends  to  "pass  the  buck/' 
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the  author  has  pi  von  up  the  attempt  to  induce  his  brother  sixrialists  to 
collaborate  with  him  in  the  production  of  the  projHised  treatise  on  "The 
EkM)nomics  of  Engineering."  Inst  earl  he  presents  to  the  profession  as  a 
f)ossible  starter  for  such  a  joint  work  this  treatise  on  bridp:c  economics,  in 
the  hope  that  some  dny  American  engineers  will  awaken  to  the  importance 
of  having  available  either  a  numlx^r  of  small  books  on  the  economics  of  the 
•  various  specialties  or  else  a  joint  work  similar  to  the  one  which  he  has  advo- 
cated, and  which  appears  at  present  to  be  too  much  in  advance  ol  the 
times. 
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Tbb  subject  of  eoonomics  in  engineering  may  properly  be  tenned  a  new 
one,  in  spite  of  the  facte  that  for  several  decades  the  leading  ^ledalisto,  in 
a  move  or  less  desultoiy  way,  have  given  the  matter  some  attention  in  their 
designing,  and  that  there  have  been  several  small  treatisee  vrritten  upon 
the  mathematical  theory  of  engineering  eoonomics,  notably  Prof.  J.  G.  L. 
Fish's  excellent  little  book  which  bears  that  title,  and  which  every  progress- 
ive engineer  ought  to  read.  Besides  bridgework,  the  only  engineering 
specialty  that  has  received  any  attention  worth  mentioning  in  respect  to 
the  important  question  of  economics  is  railroading — and  that  field  still 
needs  a  vast  amount  of  inv^igation.  It  is  a  branch  of  engineering  which, 
like  bridj^ework,  readily  lends  itself  to  economic  study;  and  it  is  to  be 
hopt;d  that  ere  many  years  the  economics  of  railroa(Iing  in  all  its  branches 
will  be  thoroughly'  solved  by  a  number  of  America's  most  al)le  railroad 
men,  and  that  they  will  give  to  the  engineering  profession  the  benefit  of 
their  experience  and  investigations. 

As  far  as  relates  to  engineering,  the  tenn  "Economics"  has  Ixjen  thus 
defined  by  the  author  in  the  "Glossary'  of  Tenns"  ^iven  in  "Bridge  Engi- 
neering" — "The  science  of  obtaining  a  desired  result  with  the  ultimate 
minimum  ex]>enditure  of  effort,  money,  or  material."  It  is  upon  the 
basis  of  that  tlefinition  that  this  treatise  is  predicated. 

Wlien  determining,  from  the  standpoint  of  economy,  which  one  is  the 
best  of  a  mnnber  of  proposed  constructions  or  machines,  there  should  be 
computed  for  each  case  the  four  following  quantities,  and  their  sums: 

A.  The  annual  expense  for  qperation. 

B.  The  average  annual  cost  of  re|Nura. 

C.  The  average  annual  cost  of  renewals. 

D.  The  annual  interest  on  the  mon^  invested. 

That  one  for  which  the  sum  of  these  items  is  least  is  the  most  economic 
of  all  the  proposed  constructions  or  machines;  but  this  statement  is  truly 
correct  only  when  t  he  costs  of  operation,  repairs,  and  renewals  are  averaged 
over  a  long  term  of  years;  or  e\sc  for  a  comparatively  short  yx^riod  of  time, 
when  the  conditions  in  respect  to  wear  anti  deterioration  at  the  end  of  that 
period  are  practically  the  same  for  all  cases. 

The  principal  economic  investigation  which  occut-s  in  engineering 
practice  is  that  of  determining  the  financial  excellence  of  a  proposed  enter- 

6 

Digitized  by  Google 


OXNBRAL  BOONOMXC  RUNCIPLBS 


7 


prise.  It  ooDsiflto  in  showing  by  proper  calculations  its  firat  oosti  the 
probable  total  annual  expense  of  maintenance,  repairsi  opeiation,  and 
interest,  the  advisaUe  allowanoe  for  deterioration  or  ultimate  replaoement, 
the  probable  gross  income,  and  the  resulting  net  income  that  can  be  used  in 
paying  dividends  on.  the  stock  or  other  profits  to  the  promoters.  Whether 
any  proposed  enterprise,  after  being  thus  figured,  will  prove  profitable 
will  depend  greatly  on  the  state  of  the  money  market,  the  siie  of  the  proj- 
ect, the  probabilitiee  of  future  changes  in  governing  conditions,  and  the 
pereonal  equation  of  the  investor.  Generally  speaking,  if  the  computed 
net  annual  profits  on  the  total  cost  of  the  investment  (over  and  above  all 
expenses  of  eveiy  kind,  inehiding  maintenance,  repairs,  opmtion,  sinking 
fund,  and  interest  on  aJl  borrowed  cajntal)  do  not  exceed  five  (5)  per  cent 
of  the  said  total  cost,  the  project  is  not  attractive;  if  it  be  as  Idgjh  as  ten 
(10)  per  cent,  the  enterpriae  is  deemed  ordinarily  good;  and  if  it  be  fifteen 
(15)  per  cent  or  more,  the  sdieme  is  termed  "gilt-edged."  Small  projects 
necessitate  greater  probable  percentages  of  net  earnings  than  do  large  ones ; 
and  any  possilMlity  of  a  future  reduction  of  income  will  call  for  a  high 
estimate  of  net  earning  capadfy.  Finally,  the  measure  of  individual  greed 
on  the  part  of  the  investor  will  be  found  to  be  an  Important  factor  In  the 
determination  of  the  attraottvenees  of  any  suggested  enterprise. 

Such  invesMgitions  as  the  economics  of  an  important  project  should 
generally  be  entrusted  only  to  engineers  experienced  in  the  line  of  activity 
to  which  the  said  project  properly  belongs;  for  if  they  be  left  to  inexperi- 
enced investigators,  it  is  more  than  likely  that  mistakes  will  be  made  and 
money  lost  in  consequence.  The  professional  men  who  generally  do  such 
work  are  the  independent  consulting  engineers;  certain  specialists  retained 
on  salary  solely  for  this  purpose  by  important  urgaiiizutions,  such  its  rail- 
road companies;  and  engineers  who  are  ref2;ularly  in  the  emploj^  of  large 
banking  houses.  The  work  involved  is  of  such  importance  that  it  usually 
commands  large  compensation — as,  indeed,  it  sh{)uld;  because  to  do  it 
effectively  demands  not  only  h^ng  experience  but  aho  gootl  judgment  and 
a  vast  amount  of  mental  labor,  both  in  order  to  make  oneself  capable  in 
general  and  so  as  to  consider  thoroughly  all  the  pointij  embraced  by  the 
special  problem  in  hand. 

How  short  sighted  most  promoters  of  important  projects  can  be! 
They  imagine  they  can  obtain  expert  opinion  of  real  value  without  paying 
for  it;  consequently  th(\v  collect  a  mass  of  scattered  and  divergent  infor- 
mation, which,  in  most  cases,  is  of  no  earthly  use.  Any  project  of  impor- 
tance is,  of  necessity,  a  great  ecoHomic  problem,  and  ought  to  be  solved 
at  the  very  outset  by  special  engineering  talent  of  the  highest  order. 

A  glaring  examjile  of  the  utter  folly  of  a  community  in  proceeding  with 
important  engineering  con.'^truction  without  first  having  a  thorough  eco- 
nomic study  of  the  problem  ma<le  by  a  comjMMeiit  .sjMM'ialist  is  given  in 
Etufinrcritifj  Xrws  of  November  M),  191().  It  relates  to  the  munici])al  water- 
power  enterprise  on  which  the  city  of  Montreal  has  been  busy  for  some 
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years.  Feeling  that  the  work  was  being  sadly  mismanaged,  certain  prom- 
inent Canadian  engineers  "butted  in,"  investigat^xl,  and  reported  upon 
the  incomplete  project.  They  showed  that  the  $12,000,000  enterprise, 
which  the  city  had  about  half  finished,  will  full  so  far  short  of  returning  a 
profit  on  its  cost,  and  that  it  has  so  many  serious  defects,  that  it  will  be 
far  l)ettcr  for  the  conmmnity  to  lose  all  it  has  tluis  far  expended  tlian  to 
incur  the  additional  outlay  nocossarv-  to  conipletc  the  work.  A  thorough 
investigation  to  iletennine  beforehand  whether  the  scheme  would  l>e 
profitable  would  certaialy  have  indicated  the  futility  of  oonstruoting  on  the 
lines  adopted. 

This  fundamental  economic  problem  of  whether  the  proposed  construc- 
tion will  prove  to  be  a  paying  enterprise  is  often  one  of  extreme  complica- 
tion, involving,  perhapB,  a  detenni nation  of  the  character  of  the  pro- 
poeed  unprovement,  a  choice  of  sites  or  routes,  a  selection  of  usee^  a 
ooDflideration  of  {esthetics,  an  opinion  on  type  or  style  of  oonstruction,  a 
quMtum  of  ultimate  durability,  a  study  ol  greatest  possible  conyenieiioe,  a 
pievision  of  serioua  0|q)08itk>n,  a  prognostication  of  future  conditions, 
an  anticipation  of  prospective  structural  modifications,  and  a  safe  estimate 
of  ooet.  The  best  way  to  illustrate  such  oomplicat ion  is  by  presenting  a 
few  examples  of  actual  cases,  either  pending  or  aheady  solved.* 

Ca&&  I 

There  is  in  contemplatioii  a  project  for  fauildiiig  a  kmg,  higb,  and 
exceedingjly  ezpensm  bridge  across  San  Franoisoo  Hi^^ 
the  dty  of  San  FVanoisoo  with  the  cities  of  Oakland,  BeriEcisy,  and  its  other 
suburbs.  This  project  has  been  a  dream  for  at  least  a  decade;  but  it  is 
not  an  idle  dream,  because  some  day  in  some  manner  or  other  it  is  certain 
to  be  reaUied.  Some  ten  years  ago  the  author  prepared  a  report  for  a 
banker  on  the  feasibility  of  the  project,  the  necessity  for  the  structure,  the 
possible  revenue  from  its  use,  and  its  approximate  cost;  and  since  then 
several  other  engineers  have  made  independent  studies  of  the  problem. 

•  These  examples  nrv  copied  vtrlmUm  from  Lecture  No.  1  of  the  author's  series  of 
lectures  on  " Eugiiieeruig  Economics"  delivered  early  in  1917  to  the  Engineering  Aluiiuii 
Anodation  of  the  University  of  Kanau.  Three  only  of  the  five  illaekiative  oMee,  vie., 
thoBepflrteiaing  to  bridgBB,  have  been  niinidiioed.  InreepeettoGbeeSfitiBof  nitcnet 
to  note  that  the  suggested  economic  study  has  since  been  made  by  a  Board  of  Advisory 
Engineers  consisting  of  Col.  Bion  J.  Arnold  a.s  terminal  exi>ert,  Mr.  .1.  Vii)ond  Davies 
as  tunnel  exiKTt,  and  the  author  as  bridge  exiKTt.  Their  joint  rejHirt  wiu*  finished  and 
presented  early  in  1919;  but  ite  contents  have  not  yet  been  made  public.  All  of  the 
ilemi  mentioned  wete  giveB  full  eoneideration;  and  the  difficult  question  of  how  to 
tunnel  through  eoft  material  at  an  unprecedented  depth  was  solved  in  a  luaeteity 
manner  by  Mr.  Daviee.  It  is  hoped  by  the  writers  of  th(>  report,  which  consists  of  some 
600  type-written  pages  and  a  large  volume  of  folded  blueprints,  that  it  will  be  published 
ere  long  by  the  city  of  NVw  Orleans;  because  it  would  provide  the  engineering  pnifession 
with  a  good  exam|)l<'  of  how  to  prepare  a  rompHcatefl  economic  study  of  a  complex  sub- 
ject upon  an  unusually  large  scale,  and  huw  tu  solve  several  new  and  difficult  eugiueeriug 
proUnni. 
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The  comiminitios  int(MTstcd,  however,  have  taken  as  yet  no  seDsible  step 
towards  making  a  thorougli  study  of  the  (jucstion. 

Practically  none  of  the  governing  conditions  are  satisfactorily  known; 
and,  judging  by  present  indications,  it  is  likely  to  Ix^  a  long  time  Ix^fore  they 
will  Ixi,  unless,  perchance,  the  leading  citizens  of  the  various  communities 
ccmcerned  bestir  themselves  and  prevail  on  their  ruling  Ixxiies  to  join  forceps, 
rais<'  the  requisite  funds,  choose  an  engineer  of  national  re()utation  (or, 
preferably,  a  boartl  of  three  such  enfrineers),  arrange  to  allow  him  or  them 
ade{|uate  compensjition  for  expt^rt  services  and  all  the  money  necessary  for 
borings  and  other  investigations,  accord  ample  time  for  the  entire  work, 
and  thus  obtain  a  report  that  will  settle  finally  all  the  importaut  ecoziomic 
and  technical  pointjs  involved  in  the  proposition. 

The  main  features  to  detennine  are  as  follows,  the  listizlg^beibg  done 
according  to  relative  importance: 

First,  The  probable  gross  incomes  from  all  practicable  combinations 
of  the  various  sources,  year  by  year  for  a  long  term  of  years,  and  the  pio> 
portion  thereof  that  is  likely  to  prove  net  in  each  combination. 

Second,  Based  upon  the  result  of  this  investigation,  the  determination 
of  the  extreme  superior  limit  of  cost  for  the  struotuie  for  each  combination 
of  the  different  kinds  of  traffic. 

Third.  In  view  of  the  great  depths  of  water  in  the  harbor,  what  one  or 
more  of  the  various  piopoBed  or  possible  sites  might  be  utilised  for  building 
a  bridge  within  the  several  ascertained  Umits  of  cost. 

Fourth.  Of  what  kind  of  traffic  it  is  advisable  that  the  inoposed  bridge 
should  take  care. 

Fifth.  The  character  of  the  foundation  soil  as  dctcnriined  beyond  all 
doubt  by  making  proper  borings,  and  the  settlement  of  best  depths  for  all 
pier  foundations. 

Sixth.  The  various  requirements  of  the  U.  S.  Goveniment  in  respect 
to  minimum  span-lengths,  vertical  dearances,  and  temporaiy  obstruclioii 
of  waterway  for  each  proposed  crossing. 

Seventh,  The  minimimi  dear-headway  whioh,  for  a  combination  of  all 
reasons,  it  is  expedient  to  adopt  for  each  proposed  eroesmg;  and  the  choioe 
between  a  bridge  with  and  a  bridge  without  aa  opening  span  or  opening 
spans. 

Bigkih.  A  Bile  estimate  of  total- eo8t<tf  strueture  for  eaeh  layout  that 
proves  to  be  feasible,  and  the  oorresponding  estimates  of  ooet  of  operatioii, 
maintenance,  repairs,  etc. 

Ninth*  The  time  required  for  .comidetion  of  oonstruetion  of  the 
•tnieture  for  each  feasible  layout 

After  all  these  points  have  been  settled  and  embodied  in  a  rqrart,  it 
win  be  easy  to  deteimine  finally  whether,  either  at  the  present  time  or 
within  a  certain  number  of  years,  it  win  be  practicable  or  advisable  to  build 
the  proposed  strueture;  where  it  should  be  located;  what  traffic  it  should 
esny;  how  long  it  will  take  to  build  it;  what  it  wUl  cost  for  construction. 
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maintafiMinft,  and  operatkm;  and  how  the  neeoBmry  funds  are  to  be  pro- 
vided. 

The  actual  oonditioiiB  for  the  proposed  San  Frandaoo  Harbor  bridge, 
aa  well  as  thqr  can  be  stated  at  praaent,  are  as  foUowa: 

A.  There  is  a  laisepossiMe  income  from  pa8Beiigertniffie,iiiaii^ 
oommuton  who  now  use  the  feny,  most  of  whieh  tiaffio  would  soon  be 
diverted  to  the  struetuie,  provided  that  tru}yH»pid  transit  thereon  be 
furnished  at  all  tunes;  and  the  said  income,  under  present  conditions, 
would  be  large  enough  to  warrant  the  building  of  an  opm-deeked,  dooble- 
track,  eleotrioHMlway  bridge  that  would  carry  no  other  ki^ 

B.  There  IB  a  rapidly  increasing  amount  of  antomolMie  traffic  now  cared 
for  by  the  feny;  and  this,  undoubtedly,  would  be  augmented  materially 
by  the  superior  and,  possibly,  cheaper  service  of  the  bridge;  neverthelesB 
it  is  doubtful  whether  it  would  be  large  enough  to  warrant  the  building  of 
separate  passageways  with  paved  floor  and  the  neoessanly-greater  carry- 
ing capacity  of  the  trusses.*  It  would  be  out  of  the  question  to  let  the 
automobiles  use  the  same  space  as  the  electric  trains;  for  such  an  arrange- 
ment would  prevent  the  rapid  transit  of  the  latter. 

C.  There  is  an  immense  amount  of  freight  crossing  the  water;  but,  for 
two  reasons,  it  docs  not  appear  probable  that  it  would  ever  be  economical 
to  t  r  ansport  it  over  a  brid^;e.  The  first  reason  is  the*  jjroat  height  to  which 
both  it  and  its  containing  vehicles  would  have  to  be  lifted,  and  the  con- 
secjuent  exyx^nse  of  such  lifting.  The  second  is  the  greatly  augmented  cost 
of  structure,  due  to  the  far  larger  live  loads  for  lx)th  the  floor  system  and 
the  trusses,  which  the  carrying  of  such  freight  would  necessitate.  It  would 
probably  Ijc  more  economical  either  to  transfer  the  freight  by  ferry, 
as  is  done  at  present,  or  to  carry  it  by  rail  around  the  south  end  of 
the  Bay. 

D.  There  is  at  certain  seasons  a  large  amount  of  passenger  traffic  to 
and  from  San  Francisco  by  certain  trans-continental  railroads;  hence  the 
question  arises  whether  the  passengers  should  \yc  carried  across  in  the 
steani-raihvay  cars  on  which  they  travel  or  whether  they  should  go  over  in 
the  electric-railway  cars.  The  objection  to  the  latter  nietluKi  is  the  indi- 
vidual trouV)le,  inconvenience,  and  loss  of  time  for  each  passenger;  while 
the  objection  to  the  fonner  is  the  increased  cost  of  structiire  due  to  the 
difference  in  the  live  loads  het  w(M'n  steam-railway  cars  and  electric-railway 
cars.  Of  coui'se,  the  fornuM-  cars  would  have  to  be  hauled  in  short  trains  by 
electric  motors,  so  a.s  to  avoid  the  excessive  concentrated  loading  from  the 
heavy  steani-locomotives. 

E.  The  most  direct  route  for  the  crossing  is  from  Telegraph  Hill  trO  the 
outer  end  of  Goat  Island,  and  thence  to  near  the  Oakland  Pier;  and  this  k 
the  one  to  which,  until  quite  lately,  most  attention  has  been  paid.  Th 
main  objections  to  it  are  as  follows: 

*  Since  this  was  mittni,  the  immenae  devdopment  of  aaUNnobile  teavd  and  motor- 
truck  traffic  tluoqg^iit  the  entire  country  might  reverse  this  economic  eonohakn. 
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Pint  The  depth  of  water  between  the  city  and  Goat  Island  is  eioesB- 
ive,  thus  making  the  pier  foundations  yery  expensive. 

jSeoofid.  A  large  proportion  of  the  steamera  using  the  harbor  would 
have  to  pass  under  the  structure. 

ThML  The  War>Department  reciuirements  in  reqpeot  to  both  hori- 
lontal  and  vertical  dearanoes  would  be  excessive  for  this  location,  because 
of  the  kige  number  of  vessels  passing;  and,  in  consequence,  the  cost  of 
Bfawtuie  would  be  greatly  augmented. 

F.  By  looating  further  inside  the  Bay,  the  depth  of  water  would  be 
vednoed  to  a  reasaoable  amount,  and  the  number  of  vessels  passing  the 
atnietim  would  be  eompawtively  amaH  In  fact,  the  farther  bade  from 
the  harboiventaioe  the  stantetuie  is  located,  the  smaller  will  be  the  depth 
of  water  and  the  fewer  will  be  the  passing  vessels..  On  the  other  hand, 
though,  the  greater  will  be  the  total  length  of  structure,  the  farther  from 
the  center  of  population  will  be  its  city  end,  and  the  greater  will  be  the 
distance  which  the  passengers  will  have  to  travel. 

G.  Practically  nothing  is  known  about  the  characters  of  founda- 
tions that  would  be  encountered  at  the  various  ])roposed  local  ions;  and  no 
provision  has  been  made  for  money  to  make  the  necessarj'  lx)rings. 

H.  It  is  impracticable  to  obtain  a  final  decision  concerning  retiuired 
span-lenj^ths  unt  il  a  bona  fide  design,  properly  backed,  has  been  presented 
to  the  War  l)ci)artment  for  approval. 

I.  In  regard  to  mininmni  clear-headway,  it  is  probable  that  the  farther 
inside  the  harbor  the  location  the  less  the  recjuirement,  because  the  smaller 
and  less  hnjK)rtant  would  l)e  the  passing  craft,  and  the  fewer  the  number 
thereof.  Some  of  them  might  be  forced  to  lower  topgallant  masts  in  order 
to  pass  beneath  the  stnicture. 

J.  There  would  he  a  serious  olijection  to  any  of)ening  span,  because  of 
the  delay  which  would  be  involved  by  its  o]wration.  The  real  raison 
d'etre  of  the  structure  is  rapid  transit,  hence  to  interfere  with  that  in  any 
way  would  be  highly  objectionable. 

K,  The  total  cost  of  st  ruct  urc  would  decrease  to  a  certain  ix)int  as  the 
location  is  moved  up  the  harl)or,  l>ecaus(^  of  cheajx^r  foundations  and  the 
consequently  shorter  spans;  but  beyond  the  said  point  it  would  increase 
because  of  the  greater  length  of  bridge. 

L.  The  more  exix'nsive  the  structure  the  longer  will  be  the  time  re- 
quired to  build  it;  hence  it  may  l)e  concluded  that  one  of  the  inner-harbor 
locations  would  need  much  less  time  for  completion  of  l)ridge  than  the 
Goat-Island  layout.  This  matter  of  time  for  comjiletion  of  structure 
possesses  a  double  im]X)rtance,  because  any  dclav  increases  the  item  of  cost 
due  to  interest  during  construction;  and  by  postponing  the  inception  of 
operation  it  involves  a  loss  of  income  from  use. 

From  the  preceding  it  is  evident  that  the  solution  of  the  initial  economic 
problem  in  connection  with  the  proposed  San  Francisco  Harbor  bridge  is 
cue  of  ooosiderable  oomphcation. 
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Case  U 

The  GHy  of  New  Orieaas  for  many  ymn  has  had  under  oouidentioii 
the  buiktiiig  of  a  combined  laOway  and  higliway  bridge  aeroee  the  Miee- 
iinippi  Bhrer;  and  whhin  the  last  W  yean  the  project  baa  been  aeri^^ 
contemplated. 

Some  two  decades  ago  the  late  Oollis  P.  Huntington,  Pkeeident  of  the 
Southern  Padfie  Railway  Company,  and  hia  conaulting  engineer,  the  late 
Dr.  Ehner  L.  CortheU,  made  an  investigation  of  the  flcheme  of  building  at 
that  place  a  douUe^traok  railway  bridge;  and  they  called  in  aa  adviaoiy 
engineers  the  author  and  hia  brother,  Montgomeiy,  to  eetimate  upon  the 
ooBt  of  a  low  bridge.  The  death  of  Mr.  Huntington,  which  ooeurred  shortly 
afttowardiy  caused  the  project  to  be  dropped;  and  it  was  never  revived. 
The  authmr's  jcunt  stuc^r  was  made  with  considerable  thorougfrneas.  It 
invdved  the  solution  of  two  or  three  proUems  of  great  magnitude  thai  were 
new  to  the  engineering  profession,  the  principal  eecoomle  one  beiug  a 
comparison  of  costs  of  a  hig^  bridge  and  a  low  bridge.  The  result  was 
decidedly  in  favor  of  the  latter. 

The  problem  now  facing  the  city,  however,  is  much  more  complicated, 
involving,  as  it  does,  a  combination  of  steam-railway,  electric-railway, 
vehicular,  and  pedestrian  traffics.  There  is  a  choice  between  two  loca- 
tions, one  near  the  center  of  the  city  and  the  other  several  miles  further  up- 
stream— in  fact,  some  intermediate  locations  might  have  to  be  considered. 
There  is  a  sentiment  among  certain  prominent  citizens  favoring  a  tuniu'l 
rather  than  a  bridge;  and,  on  that  account,  the  question  of  bridge  versus 
tunnel  will  liave  to  be  considered,  notwithstanding  the  fact  that  the 
difficulties  presented  by  the  tunnel  i)i(j{)osition  are  almost  insunnountable 
in  view  of  the  present  status  of  engineering  knowledge  and  experience. 

The  question  of  high-bridge  versua  low-bridge  will  have  to  be  thorouglily 
thrashed  out  in  order  to  pleji,s<*  the  public,  although  any  truly-i'xperieiiccd 
engineer  would  detenniiie  very  quickly  in  favor  of  the  latter,  irrespective 
of  the  possible  opposition  of  the  river  interests  and  even  that  of  the  War 
Department. 

The  economic  method  of  handling  the  coml>ination  of  the  various  kinds 
of  traffic  would  require  some  study  io  determine;  and  the  best  method 
might  var>^  with  the  location  of  the  structure. 

The  style  and  dimensions  of  the  moving  span — whether  swing,  bascule, 
or  vertical  lift  -and  the  sizes  of  the  clear  ojK*ning  or  openings  are  mooted 
points  involving  a  consideration  of  economics  and  other  imi>ortant  matt«rs. 
Thus  question  is  comj)licuted  ]jy  the  fact  that  the  re(|uirement«  ought  to  be 
dependent  on  the  location;  because  at  the  ujiper  one  there  would  be  very 
few  vessels  passing,  while  at  the  lower  one  there  would  Ix'  many. 

The  imjirecedented  depth  for  the  pier  foundations  involve^s  an  economic 
study  in  order  to  ascertain  t  he  best  method  of  sinking  and  founding. 

The  facilities  for  freight,  passenger,  and  vehicular  traffic  afforded  by 
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the  80vml  proposed  croanngB  would  affect  the  total  earnings  of  the  struc- 
ture; henoethttfeftturBBfacwMrecdve  special  attentum. 

The  grade  and  alignin«it  for  any  proposed  croasuig  are  faeton  that 
must  be  mduded  In  the  eoonomic  study,  because  they  affect  the  cost  of 
handling  the  traffic;  and  the  matter  of  riight^-wi^  may  prove  an  Impor- 
tant conaiderataon. 

The  property  damages  Involved  by  the  approaches  to  the  structure  and 
by  the  shifting  of  easting  tracks  would  differ  materially  in  cost  at 
the  various  posstble  crossingB,  hence  this  feature  Is  one  involving  eco- 
nomics. 

The  choioe  between  single<leck  and  double-deck  entails  a  considenlion 
of  economics  that  may  prove  to  be  of  some  importance. 

After  determining  the  various  kinds  of  traffic  to  take  care  of,  there 
remains  the  economic  problem  of  deciding  upon  the  live  loads  for  the 
various  parts  of  the  structure.  If  these  are  made  too  high,  there  is  a  waste 
of  material  involved,  and  the  bridge  enterprise  will  forever  after  be  bur- 
dened with  an  unnecessarily  large  annual  interest  to  be  paid  on  that 
account;  but  if  they  are  made  much  too  low,  the  life  of  the  structure  will 
be  curtailed.  The  saving  clause,  however,  in  respect  to  this  adjustment  is 
that,  ordinarily,  a  steel  bridge  does  not  have  to  be  removed  because  of 
overloading  until  the  metal  thereof  is  actually  stressed  at  least  fifty  (50) 
per  cent  more  than  the  permissible  intensities  of  working  stresses  given 
in  standard  specifications  for  design. 

This  general  problem  of  the  proposed  New  Orleans  bridge,  while  not  so 
complicat^l  as  that  of  the  proposed  San  Francisco-Harbor  striu  tuii',  is  of 
an  intricate  nature,  and  will  demand  for  its  solution  cugiueering  ability 
and  experience  of  the  highest  order. 

Case  III 

There  is  given  in  "Bridge  Engineering"  in  the  cliapter  on  "Reports" 
on  pp.  1575  to  1581,  inclusive,  an  economic  study  for  the  replacement  of  a 
l)ridge  over  the  Mississippi  River,  wliich  illustrates  some  of  the  economic 
questions  that  arise  in  a  consulting  bridge  engineer's  practice.  In  that 
case  the  }3<jint.  at  issue  was  whether  it  would  be  best  to  build  a  single-track 
or  a  double-track  l)ridge  or  to  arrange  for  the  conversion  at  some  future 
time  of  a  single-track  structure  into  a  (loul)le-track  one.  Five  methoils  of 
doing  the  latter  were  suggested,  antl  the  estimates  of  their  total  first  costs 
were  made;  tlu'ii,  at  an  iissumed  rate  of  interest,  a  table  was  prepared  show- 
ing the  total  cost  of  each  structure  plus  com]iountl  interest  thereon  for 
p(»ri(Mls  of  five  veal's,  up  to  the  limit  of  forty  years.  That  table  indicates  at 
a  glance  the  comparative  (H'onomics  of  all  five  methods  at  any  of  the  five- 
year  pericxls.  A  diagram  prepared  from  the  said  lai>le,  of  covnse,  would 
be  prefera))le,  as  it  wouid  show  mure  readily  the  comparison  at  any  inter- 
mediate period. 
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In  comparing  the  economics  of  several  methods  at  aoeompUahiiig  the 
nme  result,  the  author  has  advocated  the  method  of  computiiig  and  eoD- 
trasting  the  total  annual  ooste,  including  interest  on  first  cost,  upon  the 
aaaumption  that  all  the  money  needed  for  the  construction  had  been  bor- 
rowed; and  this  is  the  most  logical  method,  although  in  his  praetioe  he  haa 
somethnes  adopted  other  methods— mainly  to  please  his  elients.  Some 
dientB  want  to  see  figures  of  total  oost  instead  d  estimates  of  annual  es- 
pense;  and,  under  such  a  condition,  it  is  nononosiy  to  sum  up  for  each  case 
aU  annual  expenses  eioq^it  interest,  aaoertain  what  amount  of  monegr  would 
produce  this  sum  by  snnple  interest  at  current  rates;  and  add  that  amount 
to  the  total  first  oost  The  case  giving  the  least  grand  total  would  be  the 
economic  one. 

An  effective  method  of  contrasting  several  differing  of  conatruo- 
tion  for  their  economics  is  that  used  in  Case  III,  vis.,  to  assume  a  number  of 
future  dates,  preferably  those  at  which  certain  bkige  expenditures  would 
probably  have  to  be  made  for  renewals  or  repairs  of  perishable  poitiona, 
and  compute  the  grand  total  cost  to  each  date  for  each  proposed  structure 
under  the  assumption  that  it  is  then  put  into  perfect  condition,  and  allow- 
ing standard  compound  interest  not  only  on  the  first  cost  but  also  on  all 
annual  expenditures.  A  comparison  of  these  grand  total  costs  at  the 
several  dates  adopted  will  indkate  deariy  whkh  is  the  most  economic  of 
all  the  types  of  construction  compared. 

To  those  who  have  a  penchant  for  using  mathematical  fonnube,  the 
following  eocmomic  treatment  will  appeaL  It  was  evolved  some  forty 
yem  ago  by  Ashbel  Welsh,  past-pre^dent  of  the  American  Sodety  of 
Civil  EngineeiB. 

To  Find  the  Compabativb  Eoonomt  of  Two  Bbidgks  of  Diffkbknt 

Goer  AND  DUBABILITT,  THAT  WILL  AnBWSB  THB  SaMB  PUBPOaB 

Equally  Well  Weum  Test  Last 

"Let  C  be  th»  oQflt  and  iMumed  leal  valoe  of  one  of  thena,  T  die  tn^ 
the  oampoand  hiterest  on  one  dollar  for  that  time^  at  whatever  rate  money  is  worth 
to  the  party  paying  for  t  ho  bridgo,  and  L  the  loM  oo  the  bridge  at  the  end  of  the  time  7*, 

or  the  amount  which  it  would  take  to  make  it  as  good  as  ne^'.  Ix-t  R  be  tho  real  value 
of  the  other  bridge,  C  its  cost,  7"  its  duration,  a'  the  compound  interest  on  one  dollar 
for  that  time,  and  L'  the  loss  ou  the  bridge  at  the  end  of  the  time  T',  or  the  amount 
required  to  make  it  as  good  as  mm.  And  let  F  bo  the  real  value  of  the  bridge  that 
mdd  last  foraver,  if  all  oireaiiiBtaooeB  should  remain  oonstant. 

"  Now,  supposing  that  the  money  required  for  building  had  been  booowed  f<v  an 
indefinite  time,  the  actual  expense  at  the  end  of  the  time  T  to  the  party  paying  for  the 
bridge  which  would  last  forever  would  bo  <il';  and  the  actual  exf>en8e  at  the  end  of 
the  Rjimo  time  for  the  first  l)n(!<i;e,  after  making  it  sis  good  ;is  now,  would  be  aC-^-L, 
These  two  quantities  are  equal:  therefore  the  hitherto  unknown  value  of  V  is 

a 

"Similarly,  at  the  end  of  the  time  T'.  the  expense  for  the  bridge  which  would  last 
forever  would  be  a'  V;  and  that  for  the  second  bridge,  after  making  it  as  good  as  new^ 
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ifik»eotifujdh€enthgmi9QimB,mwidhBa^R+L\  JU  before^  than  two  valtNt  an 
ei|iMl;  and,  thenfora, 


**Kow,  if  the  vahie  thus  found  for  R  be  greater  than  the  oost  C,  the  second  bridfe 
it  more  eeooomieal  than  the  lint;  wliile^  if  it  be  leas,  the  flist  faridse  will  be  tlw  more 
ecoiwinicaL" 

It  win  be  noted  thst  the  f oregoiiig  method  does  not  mention  coete  of 
operatkm  and  maintenanoe.  They  can  be  taken  into  aooount  adding 
their  caiutaliaed  eoets  to  the  ooete  C  and  C, 

Gooditiooe  aometimee  aripe  which  render  it  inadviaaUe  to  adopt  the 
most  eooDomic  of  the  several  oompaied  types  of  oonstruetion— lor  instance, 
^Hien  the  promoten  eannot  posnbilsr  raise  the  money-  required  to  build 
the  kind  of  structure  which  thsgr  desire,  and,  consequently,  must  content 
themselves,  for  a  time  at  least,  with  one  that  is  inferior.  An  example  of 
this  is  a  proposed  railroad  through  virgin  coimtry,  where  the  cheapest  kind 
of  a  line  will  serve  to  develop  business,  and  will  suffice  for  many  years  to 
take  care  of  the  traffic,  although  uneconomically  as  compared  with  first- 
cUkss  railroads.  Under  such  conditions  an  engineer  possessed  of  sound 
financial  judgment  would  advocate  building  the  line  at  first  as  cheaply  as 
practicable;  adopting  conii)arati\ely  heavy  grades,  sharp  cur\'e,s,  cheap 
tics,  light  rails,  temporary  structures,  earth  ballast,  low-power  locomotives, 
etc.;  but  paying  strict  attention  to  the  vital  matter  of  thorough  drainjige, 
and  studying  in  advance  of  construction  tlic  (juestion  of  how  the  line  can 
be  improved  later  at  least  expense  and  wibhout  materially  interfering  with 
traffic. 

As  another  illustration  of  this  economic  consideration,  there  niiRht 
taken  the  case  of  a  bridge  for  a  crossiiifi  where  there  is  danger  from  washout 
of  fab^'work.  Here  it  would  Ik^  advisable  to  adopt  a  cantilever  structure 
instead  of  a  layout  of  simple-truss  spans,  not witlistaiiding  the  fact  that  it 
might  re<]uire  considerably  more  metal  and  might  involve  a  higher  pound 
price  for  erection. 

Such  problems  as  th(\se  may  l>e  deemed  by  some  pfH)ple  to  l>c  (juestions 
of  exjKHliency  rather  than  of  economics;  but  the  author  jui  iVrs  to  treat 
them  as  pertaining  to  tlie  latter,  which  means  that,  in  the  case  first  men- 
tioned, he  would  consider  it  truly  economic  to  l)uil(l  the  cheap  line  and 
operate  it  for  a  while  uneconomically  rather  than  to  sfxjnd  at  the  outset 
large  sums  of  money  in  order,  later  on,  to  handle  economically  traffic  that 
possibly  might  fail  ever  to  materialize;  and  that  in  the  second  case  it  would 


Equating  the  two  values  of  V  gives 
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be  in  the  line  of  tnie  eoonomy  to  be  somewhat  extravagiuit  in  the  oost  of 
supeniructure  so  aa  to  avdd  all  possibility  of  disaster  during  eroctioii. 

In  this  connection  it  should  be  noted  that  it  will  sometimeB  be  more 
economic  to  build  a  liglit  structure  at  the  outset  and  later  remove  it  and 
replace  it  by  a  heavier  one,  rather  than  to  build  the  heavier  one  at  first* 
provided  that  the  light  structure  will  sorve  the  purpoee  adequatdy  for  a 
number  of  years,  and  that  the  replacement  can  be  done  without  toq  ssrioos 
an  interruption  of  traffic  For  instance,  it  might  be  cheaper  to  build  a 
$60,000  bridge  now  and  replace  it  in  fifteen  years  by  a  bridge  costing 
000  than  to  build  the  $100,000  structure  at  first;  for  the  compound 
interest  on  the  $60,000  additkmal  investment  for  fifteen  years  at  nx  per- 
cent amounts  to  $70,000.  It  will  rardy  pay  to  anticipate  traffic  require- 
ments  more  than  twenty  or  thirty  years,  in  case  that  thus  antidpttting 
them  involves  a  hirge  additional  expenditure. 

In  respect  to  the  economics  of  design  and  oonstnictiaii  of  bridges,  the 
following  general  suggestions  are  pertinent: 

\y    Anticipating  the  Future 

In  all  engineering  work  of  both  designing  and  construction,  true  econ- 
omy necessitates  a  thorough  consideration  of  future  requirements  and  poe- 
sible  eventualities,  also  a  provision  for  meeting  the  same.  For  instance,  in 
designing  a  structure  one  should  consider  possible  future  additions  of 
1i>ftdiF»g  and  how  to  acoommodate  them;  and  in  construction  one  should 
anticipate  delays,  floods,  stonns,  and  other  possible  difficulties,  and  should 
prepare  his  programme  so  as  to  meet  them  ^ectively  and  without  any  un- 
necessary expenditure  of  time,  labor,  or  money.  Foresight  of  this  kind  is 
an  important  element  of  success  in  the  career  of  eveiy  engineer, 

'  /    First  Cost 

It  must  not  l>e  forKotten  that  under  the  item  "Jlrst  Cost"  must  be 
considered  all  items  of  exj^onsc,  of  every  kind  whatsoever,  that  may  be 
incurred  before  the  structure  is  re^uly  for  operation.  It  should  include  not 
merely  the  ordinary  estimated  cast  of  construction,  or  the  amount  of 
money  to  be  paid  to  the  contractor,  but  also  promotion  expenses,  discount 
due  to  sale  of  bonds  below  par,  oommiBsions  or  other  considerations  for 
services  rendered,  inter(st  on  monqr  during  construction,  right-of-way^ 
rents  and  minor  Inddentai  expenses  during  construction,  administratiQii» 
legal  expenses,  engineering,  and  a  proper  contingen<^  allowance. 

COMPENaATINO  FaCTOBS  IN  EcONOMIG  CollPABiaONB  AND  FbBQUXNT 

WiDB  Ranob  of  Economic  Lmm 

In  tlu»  making  of  economic  studies,  assumed  variations  in  proportions  or 
types  will  nearly  always  increase  the  cost  of  certain  factors  and  reduce  that 
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of  others,  while  the  values  of  some  factors  may  remain  imchangod.  The 
costs  of  these  various  factors  tend  to  balance,  so  that  considerahle  niodifi- 
calions  rarely  pnxiuce  great  changes  in  total  cost.  This  principle  is  true 
for  all  kinfls  of  factors.  For  instance,  in  detenuining  the  economic  span 
lengths  for  a  truss  bridge,  increiusing  the  span-length  augments  the  cost  per 
lineal  foot  for  the  sujx'rstructure  and  generally,  but  not  always,  reduces 
that  of  the  substructure.  Again,  in  contrasting  carbon  steel  and  alloy 
steel  for  bridgework,  the  latter  gives  smaller  weights  but  greater  costs  per 
]xjund.  Also,  in  comparing  railway  decks  of  the  ordinary'  w()o<len  type 
with  ballasted  floors,  the  first  cost  of  the  latter  is  greater,  but  the  expense 
for  its  maintenance  is  less;  and  tliis  hist  condition  is  generally  found  when 
pitting  steel  bridges  against  reinforced  concrete  ones. 

The  effects  of  variations  in  factoi-s  can  l)e  well  comprehended  by  a 
study  of  the  various  diiigrams  for  Chapter  XVIII,  which  treats  of  the 
economic  span-lengths  for  simple-truss  l)ritiges  on  various  types  of  founda- 
tions at  different  depths  l)elow  the  elevation  of  Low  Water.  The  plotted 
curves  show  costs  {H^r  lineal  foot  for  su[)erstructure,  substructure,  and  the 
total.  It  will  be  noted  that  all  substructure  curv'cs  are  concave  upward, 
that  the  superstructure  records  are  either  right  lines  or  easy  curves  also 
concave  upward,  and  that  the  lines  for  totals  are  generally  very  flat  curves, 
concave  upward.  The  economic  span-length  occurs  where  the  steepness  of 
the  substructure  curve  is  just  the  same  iis  that  of  the  superstructure  curve, 
but  it  will  be  noted  from  the  upper  of  the  three  curves  (the  one  for  total 
costs  per  lineal  loot)  that  varying  twenty-five  feet  either  way  from  the 
absolute  mimmum  augments  ver>'  slightly,  indeed,  the  total  cost  per  foot, 
and  that  a  variation  therefrom  of  fifty  feet  seldom  increases  the  said  cost 
more  than  two  per  oent.  Fiurtheimore,  the  exact  minimum  is  dependent 
flomewhat  upon  the  personal  equation  of  the  designer;  for  such  matters  as 
sizes  of  pier  bases  must  be  determined  largely  by  judgment,  and  a  alight 
variatioa  in  unit  prices  of  materials  in  place  will  move  the  lowest  point  of 
curve  some  distance  horizontally. 

From  the  foregoing  it  is  evidently  a  waste  of  time  to  spht  hairs  when  one 
hunm  he  Is  ne^ir  the  economic  point ;  but,  on  the  other  hand,  adopting  a 
span-length  of  450  feet  when  300  feet  is  the  economic  limit  may  sometimes 
add  ten  or  fifteen  per  cent  to  the  total  cost  of  structure,  consequently  one 
must  make  sure  that  his  adopted  span4engths  do  not  differ  too  seriously 
from  those  for  truly  greatest  economy. 

There  is  another  economic  fact  that  is  well  worth  noting,  vis.,  that 
idienever  In  redueing  the  span-lengthi  some  hnportant  part  reaches  mini- 
mum siaSi  so  that  further  diminution  in  length  will  not  reduce  that  part, 
it  is  practically  certain  that  a  shorter  length  will  not  be  economic. 

hk  nearly  all  eoonomie  studies  for  bridges,  the  lighter  the  superimposed 
load  the  greater  will  be  the  economic  length,  whether  it  be  span,  panel, 
stringeivspaeing,  or  what-not.  This  is  largely  due  to  the  fact  that,  in  case 
of  any  design,  as  the  distance  in  question  is  reduced,  if  the  loadmg  were 
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ligjit,  certain  par<i>  would  more  quickly  reach  mmhnum  nie  than  they  woold 
if  the  loading  were  heavier;  and  any  further  material  reductiaik  would 
prove  uneconomic* 

STBTBHIIATIOlf 

Quoting  from  "Bridge  Engineering,"  "The  systemization  of  all  that 
one  does  in  connection  with  his  professional  work  is  one  of  the  most  inipoi^ 
taat  atepe  that  can  be  taken  towards  the  attainment  of  success."  More- 
over, it  ia  one  ol  the  fundamental  elements  of  eoonomicB  in  all  lines  of  work. 

TniB  Vebsus  Matsbial 

Some  designers  in  their  endeavor  to  save  a  small  amount  of  material 
expend  a  large  amount  of  time,  not  only  of  their  own  hut  also  of  other 
pco])le's,  which  time  when  prf^jK^ly  evaluated  i.s  often  greatly  in  excess  of 
the  cost  of  the  material  saved.  Such  economy  as  this  is  false;  and  its 
practice  is  unscientific. 

Labob  Vebsus  Matkbial 

Similarly,  some  designers  in  an  endeavor  to  cut  down  qnantitifle  in  their 
structures  increase  the  labor  thereon  to  soeh  an  extent  that  the  material 
saved  is  worth  only  a  small  portion  of  the  value  of  the  extra  labor  ex- 
pended. For  instance,  if  one  were  to  make  a  small  pier  hollow,  the  con- 
crete thus  saved  would  not  be  worth  anything  like  as  much  as  the  cost  of 
the  forms  needed  to  construct  the  hollow  space  and  that  of  the  reinforce- 
ment which  would  be  required  in  the  tliiu  pier  wails. 

Kecoroing  Diagrams 

The  study  of  econonucs  is  greatly  facilitated  by  the  use  of  diagrams  that 
record  quantities  of  materials,  coats  of  construction,  times  of  operation, 
etc.,  for  varying  conditions.  In  general,  it  may  be  stated  that  American 
engineers  do  not  use  graphics  for  studying  economics  to  the  extent  vrhich  is 
advisable;  and  that  in  this  they  might  learn  something  from  their  European 
tnpethrm. 

EooNOMics  OP  Mental  Efpobt 

Almost  nothing  concerning  this  important  subject  is  taught  in  our 
technical  schools;  and  but  httle  is  known  about  it  by  practicing  engineers. 
To  be  a  truly-successful  engineer,  one  has  need  to  study  deeply  the  matter  of 
how  best  and  most  economically  to  utilize  his  mental  forces;  how  to  ac- 
complish the  greatest  amount  of  work  with  the  smallest  expenditure  of 
effort;  how  many  hours  of  work  per  day  for  long-continued  labor  will 
effect  the  largest  accomplishment;  to  what  extent  men  in  various  lines  of 
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activity  should  take  vacations,  and  how  these  should  te  spent;  what  are 
the  effects  upon  one's  working  capacity  from  the  use  of  liquor  and  tobacco 
in  both  small  and  large  quantities;  etc.  All  these  are  economic  questions 
of  great  importance;  and  they  need  to  Ix'  given  projx^r  attention  by  every 
engineer  who  aspires  to  efficiency  in  both  himself  and  his  empUn  ees. 

Again,  the  development  of  the  faculty  of  concentration  ia  an  economic 
consideration  of  the  greatest  value. 

Labob 

The  scientific  handling  of  labor  is  an  economic  problem  of  the  utmost 
importance,  and  a  treatise  could  well  \m  written  on  the  subject.  The 
principal  desideratum  is  to  keep  the  workmen  well,  happy,  and  contented; 
and  the  l>est  ways  to  do  this  are  to  treat  them  kindly,  make  them  com- 
fortable, feed  and  house  them  well,  amuse  them  in  their  spare  time,  avoid 
working  them  Ux)  long  hours,  pay  them  by  piece-work  when  practicable, 
list^m  patiently  to  their  complaints,  riglit  their  wrongs,  s(»e  that  they  are 
well  taken  care  of  when  they  arc  ill  or  injured,  and  evolve,  if  poasible, 
some  feasible  method  of  sharing  profits  with  tliem.  On  the  other  hand, 
though,  drive  them  hard  and  continuotisly  (luring  working  hours,  insist 
upon  their  putting  in  overtime  when  the  conditions  truly  require  it,  dis- 
charge instantly  all  insiilwrdinate  or  otherwise  trouble^me  men,  dispense 
quietly  with  the  services  of  all  shirkci-s,  and  insist  that  ever\'lxxly  put  forth 
his  lH\st  and  most  intelligent  effort  to  effect  the  nrnLyimiim  of  accomplish- 

ment  in  the  minimum  o|  ^^m^ 
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CHAPTER  III 

ECX>NOMICB  OF  TBK  PBOMOTION  OF  BBIDGE  PfiOJECTB 

In  most  rases  t  he  promoter  of  a  hridRo  project  at  the  outset  is  possessed 
of  rather  inflated  ideas  as  to  the  |>ossibilities  for  gain  by  the  materialization 
of  his  projiosed  ent<»r|)risi',  and,  in  L'on.se(}U('nce,  is  inclined  to  be  uneconom- 
ical in  his  layout  of  structun*  and  of  the  money  exjx'nditure  therefor.   If  he  , 
is  to  make  a  success  of  his  venture,  \\v  should  begin  without  delay  an 
economic  study  of  his  j)rol)lem;  and  in  this  he  will  require  the  aid  of  a  bridge  ' 
specialist  of  wiilc  cxiH'rience.    It  will  neai  l\  always  1m^  found  advisable  to 
keep  the  first  cost  of  structure  down  to  an  al>s<)lute  minunum,  but  arrang- 
ing to  increjise  it>s  capacity  from  tune  t-o  time  ius  the  augmenting  business  ' 
warrants.    (Icncrally  this  Is  a  necessity,  bc»cause  bankers  will  not  furnish  i 
money  for  an  extravagantly  conceived  proposition;  but  even  if  the  money  i 
be  available,  it  would  i)e  bad  pohcy  to  s|H'nd  any  of  it  unavoidably  at  the  | 
outset,  for  the  reiison  tliat  the  int^'re.st  on  the  extra  expenditure,  up  to  the 
time  when  t  he  facility  in  question  is  really  neededi  might  amount  to  a  large 
sum  of  money. 

The  promoter  should  investigate  thoroughly  the  iMJssibility  for  traffic 
of  all  kinds,  keeping  his  own  counsel  about  what  he  is  doing,  in  order  to  , 
I)rotect  himself  from  hold-uj)  by  i)roperty  owners  or  the  malevolent  opposi-  | 
tion  of  possible  rival  proniolers.    After  finishing  this  investigation  of  con- 
ditions, he  should,  if  ]>os.sil)le,  determine  the  kind  or  kinds  of  traffic  for 
which  the  prop<)sed  structure  should  ])rovide  and  the  probable  amounts 
thereof  that  \horv  will  be.  both  at  the  outset  and  for  a  long  aeries  of  years^  | 
also  the  net  income  it  will  produce.  < 

The  preliminary  investigations  concerning  the  probable  traffic  and  other 
.sources  of  re\  enue  should  be  nuide  with  great  care  and  con.servatism.  One  ' 
who  is  optimistic  by  nature  is  prone  to  overestimate,  and  no  promoter  is 
of  any  account  at  all  unless  he  is  optimistic;  hence  he  should  consider  very 
carefully  all  unceitain  matters  connected  with  the  revenue  estimates,  and 
should  endeavor  always  to  err  upon  the  side  of  safety.  Similarly,  in  com- 
puting the  annual  cost  for  maintenance,  repairs,  and  other  like  cxponses, 
he  should  be  careful  to  omit  no  items  and  to  figure  each  item  high  annngh 
to  be  beyond  criticism. 

After  his  bridge  sp)cciahst  has  reported  upon  the  best  type  of  structure  i 
to  build,  the  first  cost  for  the  minimum  amount  of  construction  at  the  ; 
outset,  and  the  subse(|uent  increased  costs  for  enlargements  or  betterments,  ' 
the  promotor  should  complete  the  economic  study  of  the  enterprise  and 
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decide  whether  it  is  advisable  to  undertake  the  venture.  If  he  experiences 
any  difficulty  in  making  up  his  mind  as  to  the  kinds  of  traffic  for  which  he 
ought  to  provide,  his  engineer  should  be  able  to  tell  him  approximately  the 
cost  of  structure  to  carry  any  kind  or  combination  of  kinds  thereof;  and, 
knowing  the  probable  receipts  therefrom,  he  should  then  be  able  to  come 
to  a  proper  decision. 

The  question  of  ten  arises  as  to  whether  it  will  pay  to  accommodate 
pedestrian  travel;  and.  in  th(^  case  of  a  long  structure  carr>'ing  street  cars, 
it  will  not.  In  sonic  cases,  however,  in  order  to  procure  a  franchise  for 
building  the  bridge,  it  may  be  necessary'  to  agree  to  provide  footwalks  for 
pedestrians,  even  if  there  be  very  few  of  (hem.  In  the  old  days  of  horse- 
proix'lled  vehicle^s,  it  was  practicable  for  |)edestrians  to  cross  on  the  main 
roadway,  but  toHlay  the  rapid  passage  of  automobiles  would  render  such  a 
procedure  exceedingly  hazardous. 

In  the  case  (^f  a  proposed  combined-railway-jind-highway  bridge,  it  is 
often  good  policy  to  fl(H)r  over  the  railway  deck  so  as  to  carry  temporarily 
both  trains  and  vehicles,  and  to  provide  f()r  attaching  l)rackets  in  the  future 
to  8uj)p<)rt  the  latter.  Such  an  arrangement  gives  very  poor  service;  but 
it  often  will  suffice  for  a  mnnber  of  years. 

In  the  building  of  a  railway  bridge  only,  the  approaches  may  be  timber 
trestles,  which  have  a  life  of  ten  >'ears,  more  or  less;  and  at  the  end  of  that 
time  they  can  be  replaced  either  with  new  tiinl)er  or  by  pennanent  con- 
struction. If  the  bridge  be  built  to  carry  a  double  track,  and  if  one  track 
will  take  can^  of  the  traffic  for  a  few  years,  a  single  track  can  be  laid  on  the 
two  inner  lines  of  stringei's,  and  the  approaches  may  be  single-track  wooden- 
trestles;  or.  if  preferred,  one  side  only  of  the  double-track  structure  can  be 
used,  and  the  temporary  approaches  can  lie  built  off-center. 

In  ca«se  of  a  great  scarcity  of  funds,  a  double-track  bridge  can  l>e  designed 
with  tru.s.ses  for  half  live  load  and  |)artial  dead  load,  and  an  arrangement 
made  in  advance  for  the  future  tioul)hng  of  trusses.  The  author  evolved 
and  pat.ented  this  detail  many  >  rars  ago,  but  has  never  since  had  occasion 
to  utilize  it  in  actual  construction,  although  he  has  estimated  upon  its 
employment. 

Occasionally  it  is  feasible  to  build  a  portion  of  the  main  bridge  of  perma- 
nent construction  and  the  remainder  of  cheap,  perishable  materials;  and 
this  expedient  may  be  in  the  line  of  true  economy.  A  quarter  of  a  centmy 
ago  the  author  built  a  bridge  across  the  Missouri  River  Ix^tween  CouncU 
Blufib,  Iowa,  and  East  Omaha,  Nebraska,  on  the  basis  of  part  permanent 
and  part  tempmiy  coDstniction;  and  later  he  replaced  the  tenqxmuy 
portion  with  permanent  spans.  In  the  original  structure  the  cheapening 
of  everything  was  carried  to  the  utmost  legitimate  limit,  in  order  to  oomo 
within  the  bankers'  appropriation.  The  pivot  pier  of  the  swing  span 
(the  largest  in  the  world  at  that  tim«,  viz.,  520  feet)  was  made  permanent; 
but  the  span  itself  was  stripped  of  its  cantilever  brackets  for  roadways  and 
sidewalksy  a  portion  of  the  deck  was  floored  over  for  teamsi  a  single  track 
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was  placed  at  the  middle  of  the  double-track  space,  and  pedestrians  had  to 
iiae  the  roadway.  Of  oourae,  thm  could  not  be  railway  and  highway 
vehiolee  afanultaneouflly  on  the  atnietuie,  but  the  roadway  was  wi^ 
f  or  teams  to  pasB  and  f  or  a  line  of  pedeetriaoB  on  each  akfe  of  a  la^^ 
The  wd  piers  of  the  swing  span  and  ail  the  other  piers  were  buflt  of  pilee 
and  other  timbers,  the  flanking  spana  were  of  the  combination  type,  vii.» 
tension  members  of  steel  and  oompraasion  members  of  timber,  and  the 
approaches  were  single-track  timbo^treatles  for  the  railway  and  wooden 
approaches  with  fairly-steep  grades  for  the  highway.  This  temponuy 
work  was  conatnieted  so  as  to  last  at  least  eight  years,  and  it  was  used  for 
ten,  when  it  was  taken  out  by  the  author  and  replaced  with  pennanent 
construction  for  the  Illinois  Gmtial  Railroad  Company,  whidi  had  bou^it 
the  structure  for  its  main-line  entrance  into  the  oity  of  Omaha.  Tlie 
temporary  work  here  described  was  aU  so  well  and  thoroughly  done  that, 
when  it  was  removed,  there  were  no  evidences  whatsoever  of  decay  or 
failure.  The  author  is  of  the  opinion  that  it  could  have  been  used  for  six 
or  eight  yean  longer  without  the  sligiitest  danger  of  any  kind.  The 
evolution  d  a  design  such  as  above  described  involves  economics  of  the 
highest  type;  and  the  author  considers  it  to  be  by  no  means  one  of  his  niinor 
achievements  in  bridge  designing  and  ooostruction. 

There  is  a  matter  of  economic  importance  which  no  promoter  should 
ever  forget;  and  that  is  the  growing  scarcity  of  timber,  and.  ronsc(jiientIy. 
its  greater  future  price.  While  it  may  prove  temporarily  advantageous  to 
use  it  in  his  bridge,  he  sliould  make  sure  that  the  metalwork  of  his  super- 
structure is  strong  enough  and  that  the  foundations  of  his  substructure  are 
sufficiently  substantial  to  carrj'  properlj'  the  increased  dead  load  of  the 
spans  due  to  the  future  substitution  of  heavy  concrete  for  light  timber. 
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SFrSGT  ON  ECONOMICS  FBOM  VARIATIONS  IN  1IABK£T  PBICEB  OF  LABOR 

AND  MATBBIALB 

Thb  economics  of  bridge  design  are  not  so  greatly  affected  by  variations 
in  prices  of  hi}K)r  and  materials  as  is  conmioii|y  sapposed,  because  there  is 
a  tendency  for  all  prices  to  n'so  and  fall  more  or  less  uniformly.  If  they 
were  to  do  so  exactly,  the  effect  on  the  economics  would  be  absolutely  nU, 
It  is  imly  when  the  variatkmB  in  unit  prices  for  the  component  materials  are 
irregular  that  the  economics  of  design  are  affected,  and  then  in  most  cases 
but  slightly.  It  is  true  that  when  there  is  a  sudden  rise  or  drop  in  the  cost 
of  superstructure  metal  erected,  the  proportionate  change  in  substructure 
prices  will  lag  behind;  but  it  is  generally  not  long  before  a  state  of  oom- 
parative  equiUbrium  is  reached,  and  the  variations  in  prices  become 
more  neariy  uniform  as  compared  with  those  that  existed  before  the  change 
occurred. 

So  far  as  economic  span-lengths  for  simple-span  bridges  are  conoemed, 
the  practical  effect  is  small  indeed;  for,  even  though  the  theoretic eocmonuc 
kngth  be  considerably  changed,  there  is  always  a  rather  wide  nnge  on 
eitiiflr  side  of  the  minimimi  where  the  costs  are  but  little  hi^r. 

Of  more  importance  than  this  is  the  effect  upon  the  relative  eoonomlcs  of 
different  types  of  structures,  espedaUy  those  of  different  materials  such  as 
sted  and  r^nf  orced  concrete.  In  nonnal  times  the  base  price  ci  structural 
metal  fluctuates  from  about  1.15  cents  per  pound  to  about  1.75  cents— it 
even  ran  up  to  2.25  cents  in  1899  and  1900.  The  cost  of  fabricated  struc- 
tural metal  is  subject  to  stiU  greater  changes.  Freight  rates  in  different 
portioDS  of  the  oountry  vary  from  about  0.1  cent  a  pound  to  over  one  cent 
Local  conditions  may  affect  transportation  and  erection  costs  material^. 
For  the  foregoing  leasoiiB  the  price  of  structural  metal  erected  is  subject  to  a 
variation  of  about  two  oentsapound,  entbdy  apart  hom  causes  influencing 
the  prioes  of  other  materials.  For  instance,  in  Januaiy  of  1920,  the  price 
of  cement  was  12.80  a  barrel  in  New  York  and  12.43  a  barrel  in  San  Fran- 
cisco, while  the  freight  rate  on  structural  metal  was  OwS7  cent  a  pound  to  the 
fonner  point  and  1.25  cents  to  the  latter.  At  the  same  time,  heavy  construo- 
ticm  timber  cost  neariy  twice  as  much  in  New  York  as  m  San  Frandsco; 
and  while  straotural  iron  workers  recdved  only  8  per  cent  more  in  the  ior^ 
mer  than  in  the  latter,  conmion  labor  was  paid  nearly  50  per  cent  more. 
Sand,  stone,  and  gravel  were  considerably  cheaper  in  San  Francisco  than  in 
New  YoriL  At  that  period,  therefore,  structural  metal  was  about  one  cent 
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a  pound  eheaper  In  New  Yoik  than  in  San  Francisco,  whereas  concrete 
and  timber  were  about  40  per  cent  more  expensive  in  New  York. 

Again,  early  in  1915  structural  metal  erected  was  let  in  a  few  cases  as 
low  as  three  cents  a  pound,  with  prices  of  other  materials  correspondingly 
small;  while  about  two  years  later  the  said  metal  erected  was  for  a  short 
time  as  expensive  as  ten  cents  a  pound,  the  prices  of  other  materials  show- 
ing an  inerease  of  less  than  50  per  cent.  In  January  of  1020,  structural 
metal  erected  was  quoted  as  low  as  7  cents  a  pound,  while  other  prices 
were  much  higher  than  in  1017.  Economic  comparisons  in  1020  are,  there- 
fore, quite  similar  to  those  in  the  pre-war  period,  while  those'of  1017  were 
decidedly  different  from  those  of  either  of  the  otiier  dates. 

The  foregoing  examples  are  sufficient  to  indicate  the  fact  that,  when 
dose  economic  oomparisons  are  to  be  made,  carefully  selected  unit  piieeB 
must  be  used.  The  statement  at  the  beginning  of  this  chapter  to  the  effect 
that  such  variations  will  seldom  radically  affect  economic  oomparisons,  is 
nevertheless  correct.  The  result  of  an  economic  study  made  with  nor- 
mally-balanced unit  prices  will  rarely  be  in  error  by  any  serious  amount. 

This  question  wiU  be  discussed  further  in  the  various  chapters  dealing 
with  comparative  economics. 

In  connection  with  the  elaborate  series  of  computations  made  by  the 
author  in  the  preparation  of  his  monograph  on  "Economic  Span-Lengths 
for  Siinple-TrusB  Bridges  on  Various  1  >  pes  of  Foundations,"  he  took  occa- 
sion to  figure  three  sets  of  eoonomic  curves  for  low-levd,  double-track, 
steam-railroad  bridges  on  sand  foundations,  one  with  noraial  unit  prices 
for  all  materials  in  place,  another  for  extremely  high  prices,  and  the  third 
for  extremely  k>w  prices.  The  various  unit  prices  for  each  case  were  ad- 
justed according  to  the  author's  best  judgment,  based  upon  an  experience 
in  bridge  estimating  extending  continuously  over  a  longer  period  of  >  ears 
than  he  likes  to  acknowledge.  The  results  of  this  comparison  are  given  in 
the  following  table: 

TABLE  4a 

Economic  Spajv-Lenoths  for  Doublk-'Ikack,  Steam-Railway  Bridges  on  Sand 
Foundations  at  VAnoim  Depths  bblow  Rxtrbmx  Low*Watbb 


Depth  of 

Conditkm  of  Material  Market 

Foundation 

below  Low- 

Water 

Normal 

TTigh 

100' 

290' 

275' 

275' 

330^ 

826' 

200' 

375' 

360* 

876' 

250' 

426' 

430' 

425' 

The  slightneas  in  the  variations  of  these  economic  span-lengths  with  the 
different  conditions  of  the  material  market  is  sufficiently  evident  to  warrant 
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the  oomelmion  that  ordiiiaiy  differanoes  of  iintt  prioes  will  not  affect  the 
eooDomio  Uqroute  for  simpMniaB  epans  having  pieni  on  aand  foundatioPB. 
Similariy  it  might  be  shown  that  the  oonchiaUm  holds  good  for  any  other 
type  of  pier  foundation. 

There  is,  however,  a  case  In  the  late  (naetloe  of  the  author  which  Indi- 
cates  that  abnormally  hl^^  variations  (for  the  different  component  mat^ 
liab  of  bridges)  In  the  changes  in  unit  prices  do  sometimes  affect  materially 
the  economics.  At  the  present  time  the  following  pound  prices  for  metal 
erected  in  suspension  Inridges  prevail: 


A  fair  average  for  the  anMdhm  unit  prices  of  these  materials  Is  re* 
spectively  13),  5,  and  7  cents.  Using  the  averages  for  the  two  kinds  of 
structural  sted  as  representative  market  prices,  and  applying  their  ratio  to 
the  pre-war  price  of  wire  cables  indicates  that  a  proper  present  price  for 
the  latter  in  place  would  be  20  cents.  This  shows  that  these  cables  are 
about  15  per  cent  too  expensive.  As  explained  in  Chapter  XIII,  the  use 
of  eziBting  unit  prioes  instead  of  ante  bdkm  ones  raised  the  span-length  of 
equal  cost  for  highway  cantilever  and  suspension  bridges  from  1,000  ft. 
to  1,200  ft.,  that  length  for  like  structures  which  carry  a  certain  combina- 
tion  of  highway  and  railway  loadings  from  2,190  ft.  to  2,360  ft.,  and  that 
length  for  similar  bridges  subjected  to  only  steam-railway  loading  from 
2,570  ft.  to  2,630  ft.  These  changes  are  of  some  importance,  hence  one 
must  conclude  that  the  economics  of  certain  types  of  bridges  are  materially 
affected  by  abnormally  great  variations  in  the  ratios  of  rise  or  fall  in  the 
unit  prices  of  their  component  constituents. 

The  location  of  a  britlgc  iiuiy  affect  to  a  certain  extent  its  economic  lay- 
out, esiK'<  ially  for  American  constructions  in  foreign  countries.  For  in- 
stance, the  freight  aiul  customs  duties  on  superstructure  metal  might  be 
very  high  and  the  importation  of  skilled  erection-workmen  might  be  a 
necessity,  whil"  tlic  prices  of  substructure  materials  and  of  unskilled 
labor  therefor  might  U'  exceedingly  low;  and  with  such  a  combination  of 
conditions  the  e(^onomic  span-lengths  would  be  considerably  shorter  than 
thoee  governing  in  the  United  States. 


Wire  C'al)les . 
Carbon  Steel 
Nickel  Steel. 


23ff  per  lb. 
8^  per  lb. 
10^  per  lb. 
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aooMomcB  op  allot  sivslb* 

Wheihbb  H  be  eoooomioal  or  the  remw  to  uae  f or  bii^ 
any  partioiiUur  alloy  of  steel  instead  of  standard  caibon  steel  will  depend 
upon  three  fundamental  conditions,  vis., ' 

A.  The  ratio  of  costs  per  pound  erected  of  carbon  steel  and  the 
alloy  steel  under  consideration. 

B.  The  ratio  of  the  elastic  limits  of  these  two  steels. 

C.  The  type  and  the  span  length,  at  span  lengths,  of  the  structure 
contemplated. 

If  r  (greater  than  unity)  is  the  ratio  of  costs  per  pound  erertod  of  the 
alloy  steel  and  carlxjn  steel,  and  r'  (less  than  unity)  is  the  ratio  of  ehistic 
limits  of  the  two  metals,  then  for  primary  truss  members  of  rods  or  bai-s  the 
economy  in  using  the  alloy  will  depend  upon  whether  the  product  of  r  £knd 
is  less  than  unityi  or  mathematically 

rf'<l.  [Eq.  1] 

This  criterion  will  not  hold  good  for  spans;  because,  while  the  ratio  of 
intensities  of  working  stresses  for  simple  (unstiffened)  tensioh  members  of 
untreated  steelf  is  exactly  equal  to  that  of  the  ehistic  limits,  the  vaiying 
ratios  of  the  intensities  of  working  stresses  for  oompreasion  members  and 
for  rigid  tension  membeis  (on  gross  sections)  differ  materiaUy  thmfrom. 
Moreover,  a  certain  portion  of  the  weight  of  metal  in  a  structure  is  not 
affected  by  vaiying  the  intensities  of  woildng  stresses.  Agpun,  the  eri- 
tflrion  would  take  no  cognisance  of  the  reduction  of  dead  load  due  to  the 
mailer  wdght  of  steel  involved  by  using  the  aUoy.  The  first  and  second 
of  the  variations  mentioned  are  of  opposite  sign  from  the  thud,  and,  in 
oonsequence,  the  tendency  of  the  combination  is  to  offset;  but  the  pre- 
ponderanoe,  except  in  the  case  of  unusually  long  spans,  is  in  favor  of  the 

*  After  this  chapter  was  completedi  its  contents  were  used  &h  a  basis  for  a  paper 
pree^ted  to  th»  Acadimie  de$  Scimm  of  I^anoe,  entitled  "LkmpUn  IScorumique  dea 
AUiagtt  ffAeier  pour  la  CoiutnteUm  dm  PoiUb,"  all  quaatitaeB-iii  both  disgramt  and 
text  being  ohaaged  to  FVendi  units.  The  i)apcr  wtm  puliliahed  in  condanaed  fonn  by 
the  Acadenty  on  July  12.  1920,  and  in  full  by  Le  Ginic  Citnl  on  July  24,  1920. 

t  In  tbo  rnw  of  eye-lmrs  of  treated  steel,  tho  intensity  of  working  tensile  stress  is 
taken  tis  ntlu  r  one-half  of  the  elastic  limit  or  one-third  of  the  ultinutte  strength— 
whichever  of  the  two  is  the  smaller. 
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firat  two,  and  hence  the  criterion  for  very  short  spans,  such  as  plate-gbnder 
bridges,  wQl  be  for  average  cases 

ff'<0.8.  [Eq.  2] 

This  vahie  really  varies  from  0.75  for  roOed  I-beam  spans  to  0.85  for  the 
longest  plate-giider  spans. 

But  in  the  case  of  very  long  spans  it  is  eoonomieal  to  use  an  alky  when 
is  equal  to  or  greater  than  unity.  This  is  because  in  Sueh  spans  the 
dead  load  is  large  in  comparison  with  the  live  load,  even  after  the  latter 
has  been  proper^  increased  for  the  effect  of  impact;  and  because,  as  before 
indicated,  the  use  of  the  aXhy  cuts  down  the  weigfit  of  metsl  in  the  parts 
of  the  structure  where  it  is  empkq^,  and  thus  reduces  the  total  dead  load 
to  be  carried  by  the  trusses  of  the  qian  or  spans.  The  greater  the  span- 
length  the  more  marked  is  the  economy  of  adopting  alloy  steeL 

In  Figs.  5a  and  56  are  given  the  economic  limiting  values  of  r  /  for 
simple-span  and  cantilever  steam-railway-bridges.  The  method  of  using 
these  .diagrams  and  the  formula  in  Eq.  2  is  very  simple.  It  can  best  be 
illustrated  by  a  few  eiampifiB. 

Example  No.  1 

With  standard  niekel  steel  meted  at  7^  per  lb.  and  standard  carbon 
steel  erected  at  5ff  per  lb.  will  it  pay  to  adopt  the  alloy  for  plate-girder 
spans?  Here  we  have 

r  -  7+6 

/-ss-i-eo 

and  r  1^-7/6X36/60=  0.82 

This  is  less  than  the  0.85  given  by  E<].  2  for  long  plate-girder  spans^ 
hence  the  answer  to  the  question  is  affiiumtive. 

Example  No,  2 

Mayarf  steel  with  an  clastic  limit  of  50,000  lbs.  per  square  inch  costs 
5.5(f  per  lb.  erected,  while  carbon  steel  is  worth  4ff.  Will  it  pay  to  adopt 
the  alloy  for  building  a  double-track  span  of  275  feet?  Here  we  have 

r  =5.5t-4 
35+50 

and  r  r'«6.6/4X36/60«0.g6 

Fig.  5rt  gives  0.93  as  the  limit,  consecjucntly  the  use  of  that  alloy  under 
the  market  conditions  stated  would  not  be  economic. 
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Bxample  No.  3 

Standard  niekel  steel  having  an  clastic  limit  of  60,000  lbs.  per  squaie 
inch  IB  worth  erooted  7^^  per  lb.  while  carbon  steel  ooets  5.1^  What  are 
the  eeoPomicB  of  employing  it  for  buikling  a  douUe-traok,  omple-traas 
span  of  550  feet?  Here  we  have 

r  =7.3-5-5.1 

r"-  35-i-eO 

and  r  r'  =  7.3/5.1  X 35/ 60  =  0.835 


900   1000  m 


n    m    m    4Bo    w    soo    m    om    xo    m  m 

span  i£O^0j^. 

Fia.  6a,  Economic  limitaiig-ValtiflS  of  it'  for  Simple-Span,  Steam-Railway  Bridgea. 


Fig.  5n  gives  1.01  as  the  limit;  henoe  the  use  of  the  alloy  would  effect 
eomriderahle  saving. 

Example  No.  4 

In  the  invesH^ation  for  a  projKised  thm'-spivn,  rant  ilovrr,  railway  bridge 
having  a  main  ofXTiing  of  1,550  feet,  it  was  found  that  an  alloy  steel  of  75, (KK) 
lbs.  elastic  limit  would  cost  13.8fi  per  lb.  erected,  while  standard  carbon 
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steel  erected  could  be  obtained  for  6.3ff  per  lb.  What  arc  the  economics 
of  the  case?    Here  we  have 

r  =13.8^6.3 
r'  =  35-7-75 


and  r  r'  =  13 . 8/6 . 3  X  35/75  =  1 . 02 
400     600      dOO      mo      f?00     1400      1600      IdOO     m     m  2400, 


mm    mo    mo    m    m   m  i^oo 

LeoejN)}  of  Mem  3poM  n  Fief 
Fia.  56.    Economic  Limiting- Values  of  rr'  for  Cantilever,  Steam-Railway  Bridges. 


Fig.  56  gives  1.02  as  the  limit,  which  shows  that  the  costs  of  structure 
are  alike  for  the  two  steels. 

In  Figs.  5a  and  56  the  basis  of  comparison  is  standard  carbon  steel,  and 
the  curves  were  plotted  from  weights  figured  for  spans  actually  com- 
puted and  proportioned.  The  estimates  referred  to  were  those  worked  out 
by  the  author  a  number  of  years  ago  for  his  two  papers,  "Nickel  Steel  for 
Bridges"  and  its  sequel,  "The  Possibilities  in  Bridge  Construction  by  the 
Use  of  High  Alloy  Steels,"  published  by  the  American  Society  of  Civil 
Engineers  in  1909  and  1915. 
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In  the  latter  paper  the  ourvee  of  weiglits  of  metal  for  cantilever  bridges 
wero  extended  far  betjrtmd  the  limitB  of  aoouiEte  oomputationabysniediod 
apeeiany  evolved  for  the  pmpoee;  and,  v^iile  the  said  method  mi^  not  be 
deemed  strict^  accurate,  it  la  truly  logical  and,  in  all  probabiltly,  doae 
enoui^  for  the  economic  investigationB  in  the  making  of  which  Ha  reeuli- 
ingweighta  were  employed.  IVom  the  weighte  plotted  in  the ''apeculative 
aone "  of  Fig.  7  in  that  pamper,  and  herein  reproduced  aa  Fig.  Sc,  has  been  pie- 
pared  F!Sg.  5d,  horn  which  can  be  found  the  comparative  economica  of  any 
procurable  or  practically-poesible  hi^-alloy  steels  for  cantilever  struc- 
tures having  main  spana  exceeding  the  Umgeat  yet  constructed,  via.,  the 
1,800  ft.  span  of  the  Quebec  Bridge. 

The  fdknring  example  will  illuBtrate  its  use: 

BmmpU  No*  6 

What  are  th(^  coniparativo  economics  of  standard  nickel  steel  casting 
in  place  8.5  cents  jkm-  pound  and  an  alloy  steel  having  an  elastic  limit  of 
80,000  lbs.  per  s(}uaic  inch  and  costing  in  place  11.2  cent.s  pvr  pound,  for  a 
three-span,  cantilever  bridge  which  has  a  main  o]KMiing  of  2,4rt()  feet? 

From  Fig.  5r/  we  find  the  comparing  ratias  of  weights,  in  relation  to  a 
hypothetical  steel  having  an  ehu^tic  limit  of  100,000  lbs.  per  stjuare  inch, 
to  be  1.23  and  Lfifi;  hence,  compared  with  each  other,  the  ratio  of  average 
weights  {)er  foot  ft)r  the  two  materials  will  be  1.23-i-  l.C)()  =  0.74.  The  ratio 
of  pound  prices  erected  is  1 1.2-^8..")  =  1.318.  The  product  of  these  ratios 
is  1.318X0.71  =  0.98.  As  this  is  less  than  unity,  the  high-alloy  steel  is 
more  economic  than  the  standard  nickel  steel,  and  the  saving  involved  is 
about  two  jx^r  cent. 

It  may  be  noticed  that  in  this  last  investigation  there  is  an  implied 
assumption  io  the  effect  that  the  steel  for  the  structines  is  unmixed,  or,  in 
other  words,  that  carbon  steel  is  not  employed  for  light  members  or  minor, 
parts.    The  explanation  for  this  is  four-fold. 

First.  In  such  long  spans  it  pays  to  cut  out  eveiy  possible  pound  of 
dead  load. 

Second.  Everything  connected  with  the  st  ructure  being  on  a  stupen- 
dous scale,  th(  r(  will  be  no  members  so  light  as  to  be  proportaoned  for 
rigidity  and  not  f(tr  strength. 

Third.  In  tiie  detailing  of  heavy  members  of  alloy  steel,  it  will  gener* 
ally  be  advisable  to  use  the  alloy  ao  aa  to  make  the  details  themselvea  aa 
strong  as  possil)le. 

Fourth.  Even  if  there  were  a  small  amount  of  carbon  steel  employed 
in  these  phenomenally  long  and  heavy  bridges,  the  percentage  thereof  in 
any  two  compared  cases  of  alloy  steels  of  different  ela.stic  limits  would  be 
ao  nearly  alike  that  the  rdiability  of  Fig.  6d  would  not  be  affected. 

A  question  has  Ix'cn  rai.'^cd  as  to  the  accuracy  of  the  curves  in  Figs.  5a 
and  bbf  on  the  plea  that  tlie  relative  amounts  of  nickel  steel  and  carbon 
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steel  which  should  be  used  in  a  nickel-stccl  span  depend  upon  the  ratio  of 
unit  costs  and  that  of  elastic  limits,  and  arc  not  constant.  Thus,  if  the 
excess  unit  cost  of  nickel  steel  were  large,  it  might  pay  to  employ  carbon 


steel  in  the  floor  system,  and  even  in  the  posts;  while,  if  the  said  excess 
were  small,  it  might  be  economical  to  use  the  alloy  in  those  parts.  The 
author's  reply  to  this  criticism  is  that  his  experience  in  figuring  with  alloy 
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stoeki  leads  him  to  believe  that  when  they  are  really  worth  consideriiig  for 
any  case,  the  st  ronger  metal  should  be  used  for  the  floor  sygiem  ao  as  to 
lighten  the  dead  loadi  even  if  per  se  that  poii  ion  of  the  structure  were  made 
slightly  more  costly,  and  that  carbon  steel  should  be  substituted  for  the 
allqy  steel  only  in  aueh  places  where»  without  incieasing  the  sectional 


,m  m    m    im    isco   m   jooo   m  j4co 


m  m   m   m   m   m  m  jm  m  m  M 

Fio.  6d.    DiuKniin  Sliowing  C<)ini>arativo  Economics  of  All  Procurable,  or  lYactically- 
Possible,  Uigh-Alloy  Steels  for  Long-Span,  Cantilever  Bridges. 


area,  the  weaker  motal  would  jirovidc  amj^lc  stjcn^h — for  instance,  in  the 
lateral  systeiii.s  and  lighter  posts  of  inodcialt  ly-li^lit,  sliort-span  l)ridf^es. 

It  was  u]K)n  this  assumption  that  tlu;  author  many  years  ago  accunui- 
lated  (he  data  upon  which,  substantially,  the  diagrams  given  in  this  chap- 
ter were  prepared ;  and  under  like  conditions  they  may  be  relied  upon  abso* 
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lutely.  But  if  there  should  arise  a  case  in  which  the  choice  of  carbon  steel 
or  alloy  steel  for  the  floor  system  is  debatable,  the  said  diagrams  might  be 
considered  as  only  approximately  correct;  and  in  such  a  case  some  special 

computations  of  weights  and  costs  of  metal  might  become  necessary. 

Attention  is  called  to  the  i)lienonienally  short  time  recjuired  for  the 
solution  of  any  economic  problem  in  the  use  of  alloy  steels  for  bridgcwork 
by  means  of  Figs.  5^,  '>/>,  uiul  5//  when  the  elastic  limits  and  the  ])ound 
prices  erected  of  the  steels  to  \yc  contrasted  are  known.  Hereafter  it  will 
be  unnecessary  for  anyone  desirous  of  employing  an  alloy  of  steel  in  the 
design  of  a  l^ridge  to  wade  through  the  two  papers  previously  mentioned 
or  the  author's  other  writings  on  the  subject  of  alloy  steels,  l)ecause  the 
economic  results  of  all  his  previous  investigations  are  concentrated  into  the 
three  diagrams  last  indicated. 

The  use  of  allo\'  steel  in  hridgework  is  onlj"  in  its  infancy,  for  thus  far 
there  liavc  been  ver>'  few  l)ri(lges  built  of  it.  In  1903  the  author  began  his 
economic  study  of  the  (lucstion  of  "Nickel  St^'el  for  Bridges,"  and  the 
investigation  recjuired  more  than  three  years  to  com{)lete.  He  found  that 
l^ood,  ri'lial)le  bridge-steel  could  l>e  manufactured  with  an  ehistic  limit  of 
tKJ,(J(X)  II »s.  j^cr  s<|uare  inch  by  adding  to  the  usual  charge  of  molten  metal 
3^%  of  nickel;  and  jis  a  result  of  his  findings  s<'veral  large  bridges  were  con- 
stnict^^d  of  that  alloy.  A  few  years  later  the  great  demand  for  nickel  in 
the  manufacture  of  minor  plate  for  ships-of-war  enhanced  the  price  of 
that  metal  to  such  an  extent  as  to  mnke  it  too  ex|>ensive  to  employ  in  bridge 
construction;  ami  the  advent  of  the  Great  War  in  1914  sent  the  price 
soaring.  Although  the  cessation  of  hostilities  hius  decreased  the  demand  for 
the  alloying  metal,  its  i)rict'  is  still  unsettled  and  probably  has  not  yet  been 
suffi<'i(»ntly  rcMluced  to  warrant  its  empUninent  for  bridges—nor  in  fact,* 
has  there  been  any  call  of  late  for  metallic  bridgc^s  of  imjxjrtance.  Just 
as  soon,  though,  as  the  general  business  of  the  country  attains  once  more 
a  sound  condition,  then;  will  be  a  re<piest  for  some  large  bridges  of  long  span, 
because  a  number  of  them  are  even  now  being  seriously  considered;  and, 
when  that  time  arrives,  the  qucstit)n  of  alloy  st^'els  for  such  structures  will 
beeome  a  paramount  issue,  and  either  nickel  or  some  other  suitable  alloy- 
ing agent  or  agent.s  for  strengthening  bridge  metal  will  be  greatly  in  demand. 

Since  the  time  when  nickel  became  too  expcMisive  to  use  in  bridges, 
several  alloy  steels,  other  than  nickel  steel,  have  Ijoen  either  exploited  or 
suggested,  the  prineipal  ones  being  Mayari  steel,  purified  steel  manu- 
factured by  the  electro-metallurgical  process,  ahimlnum  steel,  vanadium 
steel,  and  silicon  steel.  On  account  of  the  great  cost  of  nickel  and  the 
other  alloying  metals,  there  is  a  tendency  on  the  part  of  a  few  American 
l)ridge  specialists  to  employ  high-carbon  steel  in  important  constructions. 
In  the  author's  opinion,  this  is  a  dangerous  policy  to  adopt,  because  higb* 
carbon  steel  is  brittle  and,  therefore,  unsuitable  for  bridgework.  He  has 
never  been  willing  to  use  it  in  any  of  his  constructions,  notwithstanding 
the  fact  that  the  specifications  of  his  "De  Pontibus,"  written  in  1897,  per* 
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mitted  its  employment  in  oertain  d  the  larger  memben  of  kmg  fixed-spans, 
but  barfed  it  entirely  from  movable  spans. 

In  the  specifications  of  ''Bridfse  Engineering,"  written  In  1915,  no  high 
steel  is  permitted,  excepting  only  a  oertain  grade  of  metal  termed  "maehin- 
ery  steel,"  for  which  the  limit  of  reduction  of  area  is  85%  and  that  of  the 
elongation  in  two  mches  is  18%,  both  of  which  values  are  somewhat  greater 
than  those  specified  for  lii^li  steel  in  "De  Pontibus." 

Mayarf  steel  is  a  natural  alloy  of  nickel-chromium  steel,  containing 
from  1%  to  1.5%  of  nickel  and  generally  from  0.2%  to  0.75%  of  chromium 
(although  o€ciisi()nally  the  proportion  of  this  last  element  runs  consider- 
ably greater),  with  sulphur  l>elow  0.04%,  phosphorus  below  0.03%,  and 
manganese  a.s  desired.  The  ore  comes  from  a  ilcpusit  of  some  25,0(X)  acres 
at  Mayarf  in  the  province  of  Oriente  on  the  Island  of  Cuba.  On  account 
of  the  Iarji;e  irregularities  in  the  ehustic  limit  <»f  Miiyarl  steel,  it  is  not  deemed 
safe  to  count  upon  more  than  50,000  lbs.,  l)ut  jus  the  nickel  and  chromium 
which  exist  in  the  ore  cost  no  more  than  the  iron,  the  actual  cost  of  manu- 
factured bridge  members  really  ou^ht  to  l)e  about  tlie  same  as  for  <  arl>on 
steel,  unless  it  be  that  the  content  of  these  foreign  elements  has  to  be  in- 
creasetl.  It  may  l>e  that  Miiyarf  steel  will  prove  to  Iw  the  h'dsis  of  the 
future  ideal  alloy  of  steel  for  long-span  bridges;  l)ut  it  is  more  likely  that 
the  irregularity  of  composition  of  tli(^  smelted  metal  will  render  its  employ- 
ment for  that  purpose  too  objectionable. 

Thus  far  there  has  been  no  .systematic  attempt  to  use  for  bridgework  the 
"purified  st^^el"  manufactured  by  the  electro-metallurgical  process,  the 
main  objection  to  it  being  that  up  to  the  present  time  it  hjus  never  lx?en 
produced  in  large  melts  or  on  a  grand  scale,  as  would  be  necessary  if  it 
•were  emj)loyed  in  steel  .structures. 

As  for  aluminum  hUhA,  it  has  never  even  been  in  t  he  ruiming,  although 
advocated  for  Ijridgework  l)y  a  few  engineers  who  apparently  were  not 
pro{X"rly  ))()stc(l  concerning  its  properties. 

At  one  time  the  author  had  the  hope  that  vanadium  st-eel  might  solve 
the  prol)lem  of  alloy  stx^el  for  bridgework:  but  from  all  he  can  learn  of  late 
about  that  alloy  it  ap|x?ars  t-o  fall  short  in  several  essential  requirements. 

Silicon  sted  in  bridgework  luis  been  tried,  and  with  siiti.sfactory  results. 
It  is  al)out  as  difficult  to  manufacture  as  other  alloy  steels,  the  elastic 
limit  being  forty-five  thousand  jiounds  ]x;r  scjuare  inch.  It  ha.s  not  been 
very  much  u.sed  as  yet,  but  tluxse  who  have  tried  it  seem  satisfied  with  the 
results.  It  ought  not  to  be  very  expensive  per  pound,  as  the  alloying 
material  is  not  costly. 

Of  late  the  element  molybdenum  has  Ix^en  looming  up  iis  a  possibility 
in  the  solution  of  the  high-alloy,  bridge-steel  problem,  but  thus  far  no  ex- 
periments with  it  have  been  made  looking  towards  its  use  in  bridge  con- 
struction. The  author  nowadays  is  indulging  in  a  "pipe-dream"  about 
what  he  has  dubbed  "  Xichromol "  steel,  a  prospective  alloy  of  nickel,  chro- 
mium, and  molybdenum,  with  an  excess  ol  manganese  above  the  amount 
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oidliiarilsr  used  in  flted-makmg,  as  being  tbe  ultimate  sdution  of  the  said 
problem.  He  is  endeavoring  to  make  tbe  dream  come  true  by  trying  to 
induce  a  combination  of  miners,  metaUurgista,  and  steel  manufacturers  to 
furnish  the  requisite  mon^  for  an  elaborate  series  of  experiments  to  find 
an  ideal  higb-aUoy  of  steel  for  long-qmn  bridges;  and,  perhaps,  if  he  lives 
long  enough,  he  will  be  successhiL  He  feels  confident  thai  within  three 
yeavB  after  actually  starting  the  investigation,  with  ordinarily  good  hick 
in  respect  to  governing  conditions,  and  with  a  reasonable  expenditure  of 
money,  he  could  find  how  to  manufacture  the  material  desbed  at  a  fairly- 
modmte  pound-price.  A  successful  solution  of  this  problem  would  be 
epoclMnaking  in  respect  to  the  economics  of  bridgework. 

There  appeared  in  the  New  York  Timeaci  February  18th,  1920,  a  notice 
concerning  some  experiments  that  are  being  made  in  France  upon  the 
production  of  high-^ade  steek  by  a  modification  of  the  Bessemer  process. 
If  these  experiments  prove  to  be  successful,  tbe  manufacture  of  the  author's 
proposed  "Nichromd  Steel"  may  be  readily  materialised.  The  following 
is  the  notice  referred  to: 

Paris,  Feb.  16. — A  revolution  in  the  .stwl  industry  is  j»r<)mis<'(l  hy  four  inventors 
who  are  working  here.  Final  tests  of  their  process  are  uuw  being  uuide.  i'heir  claim 
ii  that  hsid  steel— nickel,  Ghromium,  mangiineae  and  the  other  kinda — can  be  manu- 
faetored  at  roughly  the  same  ooat  as  ordinary  Deawmer  steel,  with  the  sole  added 
ggqwuae  of  the  alloys  involved. 

In  a  mill  on  the  northern  outskirts  of  Paris  to-day  five  experiments  were  made 
each  involving  the  production  of  a  ton  and  a  half  of  hig:h-cla.'*s  steel.  Thore  was  little 
in  ap|>eanince  to  distinguish  the  new  from  the  ordinary  Bts^semer  proees.*?.  There 
was  an  ordinary  furnace,  packed  with  coal  and  iron.  The  metal  was  fused  at  a  rela- 
tively km  temperature  and  then  paeeed  to  a  furnace,  where  the  temperature  waa  raised 
to  1500*  C.  Mid  the  impuritieB  burned  out.  By  the  Beaemer  pcooeM  a  rdatively 
small  percentage  off  impurities,  chiefly  phospbofiiB  and  sulphur,  is  eliminated.  The 
lesult  is  that  Bea«*emer  steel  is  suitable  for  only  ordinnr>'  work  and  cannot  be  employed 
as  raw  material  for  the  high  grade  steel  neccs-siiry  for  many  pha.«<:«  of  industr>'. 

The  essential  feature  of  these  experiments  in  that  by  the  addition  of  certain  secret 
subdtaaces  and  hy  meaos  of  a  ceftsln  imdivulged  proeesa  the  oidiiiaiy  neswmiir  steel 
piotaaa  can  be  applied  to  produce  atedae  pure  as  that  dwivedd 

Thoj^e  leaulta  are  predicted  by  the  mventors: 

First,  France  will  be  in  a  position  to  produce  high-grade  steel  at  the  same  cost,  or 
approximately  the  same  cf»sf,  as  f>rdinary  steel  plu.s  the  expense  of  the  alloyn,  while 
special  steel  eont^iining  no  alloys  can  be  pnulucecl  at  the  same  price  as  ordinary  steel. 

Second,  high-grade  steel,  which  hitherto  could  not  be  employed  for  such  ordinary 
purpoeas  as  nihray  nJIa,  etc.,  now  beoomea  available  for  the  everyday  purpoeea  of 
comiTiHPPe. 

Hie  four  inventors  have  been  working  for  more  than  alz  nXMltha  and  have  satisfied 
them.«ielves  that  the  high-grade  ."tee!  they  i»roduce  answers  t(»  evor>'  test,  whether  of 
chemical  analysis  or  of  physical  properties,  such  as  hardness,  tensile  stress,  malleabil- 
ity, etc. 

One  of  the  inventois  is  lilies  l4uabreeht  of  Heratal,  Belgium,  who  woilced  as  a  stsel 
espeit  for  Wance  during  the  war.  Anothor  ia  Mate  Anioine,  alao  a  Bdgian,  known 
as  an  authority  on  railniad  ateeL  The  other  two.  whose  namee  maj  not  now  be  men- 
tioned, are  Frenchmen. 

Toslsy'a  testa  were  attended  by  a  number  of  ateel  eipcrta  and  admtisia  who  took 
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MligraUDples  of  the  inventors'  product.    The  presence  of  fhcw  men  atte'<(<><!  the  ««eri- 
ouimesH  of  the  exjMTinients,  nrul  it  is  rrfxirted  that  the  inventors  may  have  (hscovered 
a  process  as  valuable  aa  that  of  Sir  llobert  iladiiclU,  which  is  reserved  for  Govcramcnt 
on  In  fiigland,  despite  the  HwimmmI  on  the  |Mrt  of  privsle  enterprise.  Hie  VnoA  . 
SnvvDtora  ha^e  no  eonneetaon  wHh  the  Oovenunent. 

They  call  attention  to  the  fact  that  ordinary  Bessemer  steel,  beOMWCl  the  impurities 
of  the  metal,  wears  badly  and  irrepilarly.  Hard  steel  havinp  a  nmch  longer  life  can  be 
made  to  Ix'ar  the  same  strains  with  very  much  less  content  of  material,  and  thus  the 
country-  that  Is  able  to  product'  high-grade  steel  at  the  cost  of  ordinary  steel  will  benefit 
by  the  immensely  increased  output  and  will  be  able,  because  of  superior  methods,  to 
eompele  on  very  taTonUe  tenne  wHh  Gnat  Britain,  the  United  States  and  other  stisel- 
nanufaeturing  oountries. 

At  a  time  when  the  whole  worid  is  in  need  of  steel  of  every  sort,  the  cheapening  of 
the  highest  grades  and  the  reduction  in  the  amount  of  labor  required  to  pfoduoe  it  are 
factors  of  capital  imporlance  in  the  poiioral  work  of  reconstruction. 

It  is  pointed  out  that,  while  the  ekcincai  f^rocess  for  producing  pure  steel  is  excellent, 
it  requires  an  enormous  expenditure  (rf  energy  and  labor,  and  is  eonsegnently  extranely 
ooetly.  The  Betiimir  process,  on  the  other  hand,  wiiile  rdattrefy  cheap,  has  hitherto 
failed  to  remove  impuritiea.  What  the  inventors  say  th^y  can  do  ii  to  obtain  para  ateel 
ligr  the  use  of  tlie  Bessemer  proeeM  with  sli^t  alterataooa. 

Sinoe  the  preceding  was  written  the  author,  has  seeured  some  infonna- 
tioo  ooneeming  molybdenum  steel  for  which  he  has  been  aearohing  during 
the  last  year  or  two,  and  which  had  been  lefuaed  him  fay  a  high  authority 
in  the  employ  of  an  automdnle  manufaeturing  company— possibly  with 
the  thought  that,  if  molybdenum  were  adopted  for  bridgiwork,  there 
would  not  be  a  large  enough  supply  left  for  the  use  of  the  automobile 
industry.  Some  six  months  ago,  however,  the  author  was  so  fortunate  as 
to  secure  from  the  president  of  the  Climax  Molybdenum  Company  of 
New  York  and  Colorado  certain  interesting  general  information  concern- 
ing the  alloying  projierties  of  molylKlenuni,  with  the  promise  of  dit^iilod 
data  !us  soon  as  they  could  be  coUect^^'cl  and  fornuilat<^d  for  publication  in 
pamphlet  form.  In  accordance  with  that  promise,  there  came  to  liand  a 
short  time  ago  an  advance  copy  of  a  booklet  entitled,  "Molybdenum  Com- 
mercial Stwls,"  isisued  as  ;i  t radc  catalopie  l)y  the  l>efoie-mentioned  com- 
pany. The  work  contains  a  mass  of  detailed  information  about  the  alloy; 
and,  although  tlie  data  apply  directly  t^  steel  for  automobiles,  it  has  proved 
practicable  to  make  from  the  tal)ular  matter  deductions  indicating  how  the 
said  alloy  might  Ik'  applied  to  bridge  construction.  It  certainly  contains 
Buflficient  statistics  to  enable  an  investigator  t^)  draft  a  progrannne  of  studies 
and  tests  for  determining  the  best  practicable  combination  or  condjinations 
of  molyl)denum  and  other  allo>  ing  elements  with  iron  in  order  to  produce 
the  high  alloy  of  st(  el  for  bridgework  for  which  the  author  has  been  search- 
ing these  many  years. 

While  it  is  true  that  the  ])ublicntion  is  un(|uestionably  a  trade  cata- 
logue for  the  promotion  of  the  sale  of  molylKlenum,  it  is  jHjinted  out  therein 
that,  in  order  to  avoid  any  undue  rost^-oloring  caused  by  the  natural 
tendency  in  writing  such  a  work  to  "put  one's  best  foot  foremost,"  the 
MS.  was  submitted  for  comiuent  to  the  ofiicials  and  metallurgists  of  some 
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of  the  laigest  alky-eteel  manufactiirerB  and'  wimxtim  in  the  Uniled 
States,  with  the  lesult  that  ' it  met  with  their  approval^tbeb  experisnoe 
with  the  vanoue  molybdeiiiim-eteel  types  iieAribed  eonfoimiiig  to  the 
statementSy  f aets,  and  iSgures  set  forth.  MoNSotw,  the  gnoML  treatment 
of  the  subject  gives  prima  faeU  evidence  of  a  spirit  of  fairness;  and  the 
style  of  wodc  is  that  of  a  technical  scjentist  and  not  that  of  a  promoter. 

Unfortunately,  the  records  all  deal  wiCh^heat-treated  sted,  which,  while 
applioable  for  eye-bcirs,  is  not  suitable  for  buih  msmberp  o(  bridges;  but  by 
Inquiiy  from  the  writer  of  the  pamphlet  the  author  obtained  a  small  amount 
of  data  ooooerning  tests  of  one  of  the  steeb  untreated,  as  well  as  some  results 
of  tests  of  carbon4nolybdenum  steel  that  were  made  on  an  acciidental  melt 
from  which  chromiimi  had  unintentionally  been  omitted.  From  the 
same  source  it  was  learned  that  the  proportionate  increase  in  ultimate 
strength  and  elastic  limit  due  to  the  addition  of  molybdenum  is  practically 
the  same  for  untreated  as  for  treated  steels. 

From  the  contents  of  the  pamphlet,  the  iidditional  infoniiat.ion  just 
mentioned,  and  the  author's  previous  exiHiricnce  with  nickel  steel,  the 
deductions  which  follow  have  been  drawn. 

For  simplification  of  the  discussion,  and  in  order  to  distinguish  readily 
between  the  various  combinations  of  alloying  materials,  the  author  has 
taken  the  liberty  of  evolving  and  using  the  following  uomeuclature: 

Caimol  'CarboiHMolybdenum. 

.  Chromol  ^Chromium-Molybdenum. 

Niohromol  ""Nickel^JhroDiium-Molybdenuiii.  ''^^^ 

Niomol  "Nickel-Mdt^bdenum.   

Ghrovamnol^ChromiumpyanadiuiiHMdybdenum.  mflt4 

Niohro  «Chromo-NickeL 

Chrovan  ^  Chrome-Vanadium. 

In  order  to  utilize  the  diagrams  of  this  chapter  for  finding  the  economics 
of  molylMlenuni  a,-^  an  alloying  material  for  bridge  steel,  an  understanding 
will  have  to  1m'  arrived  at,  in  order  to  determine  pro[K'rly  the  values  of  r'; 
because,  while  a  high  intensity  of  working  stress  may  be  eniployed  for  hcat- 
tr(vite<l  eye-bars,  a]much  lower  one  will  have  to  Ix;  adopt^>d  for  the  untreated 
built-memlxirs;  and,  again,  it  would  never  l>e  letritimafe  to  (ise  a  working 
stress  greater  thjin  one  third  of  the  ultimate'  stn  nu:tli.  In  heat-treated 
steels  the  elajstic  limit  generally  falls  but  litth^  Ix-low  the  ultimate^  strength, 
hence  it  would  not  do  to  use  one  half  of  its  amount  for  the  working  tensile 
stress  as  is  done  in  the  cjuse  of  untreated  steel.  ; 

As  the  data  concerning  the  untreated  molylxlenum  stet^l  are  rather 
meagre,  it  will  be  necessary  to  make  a  few  approximate  assvinoptions  in 
determining  the  elastic  limits  and  intensities  of  working  stresses.  For 
instance,  one  is  that  the  proportion  of  untreated  and  treated  steel  in  a 
pin-connect e<l  bridge  will  be  about  as  two  is  to  one.  This  is  faiily  accurate, 
and  will  suffice  lor  a  prdiminaiy  study  of  which  the  sole  purpose  is  to  indi- 
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cate  in  outline  the  final  investigation  it  will  bo  necessary  to  make,  in  order 
to  establish  the  suitability  of  molybdenum  steel  for  bridgework,  determine 
the  beet  proportions  for  the  alloying  elements,  and  demonstrate  the 
eoonomicB  of  the  alloy  in  oompariaon  with  other  bridge  steels,  both  plain 
and  alloyed. 

IVom  "Molybdenum  Commercial  Steels"  and  the  before-mentioned 
suppiementary  data  fumisfaed  to  the  author  the  following  tables  have 
0660  oopuM  Qt  pfopaiw; 

H£A.T-Ta£AT£D  CilB011£  ST££L  WITH  AND  WITHOUT  MOLYBDENUM 

TABLE  5a 
TanoM  Tmn  on  Gaiaia  SfUL 
AiMlsPiii 


Carbon 

Manganese 

Chromium 

Molybdenum 

0.37 

0.68 

0.90 

None ' 

Flijml  Flrapeftki.  (1  inch  romid) 

HMtiB 

Tensile 
SInnsfeh 

^B«^l■»l^pf■MM^ 

Far  Gent 

Bad.of  Ai«a 
Percent 

130,000 

138,000 

16.6 

66 

TABUS  lib 

Tmh/OM  Tsst  on  Chromol  Srsxit 
Amdysis 

OMbOB 

Chnmunni 

Molybdenum 

0.26 

0.64 

0.76 

0.31 

Physical  PropertieB.      (1  iuch  round) 

'  Elastic 
■  I^mit 

Tenaile 
Strength 

Elongation 
Per  Cent 

Red.  of  Area 
Percent 

148,000 

161,000 

18.6 

62 
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HKAT-TRSikTBD  ChBOMB  NiCKEL  StEEL  WITH  AMD  WITHOUT  MOLTB- 

DHNUM 

TABLE  5e 


TBNaiuB  AND  Dynamic  Tbsts  on  Nichbo  Stkbl 


Manganese 

Silicon 

Chromium 

Nickel 

Molybdenum 

0.88 

0.5  av. 

0.18  ay. 

1.0  av. 

8.27  av. 

None 

Fhyncal 

PMpertiw.   (Roil«d  Ban  1"  to  2^0 

Elastic 

Tensile 

Elongatiun 

Red.  of  Area 
Per  Cent 

Isod 
FL-Uba. 

BrineU 
HardoeH 

116^700 

186,200 

19.6 

57.1 

61 

27D 

TABLE  5d 

Tnraiui  Ain»  Dtnamic  Twib  on  WicnoMOii  Bmm$ 

Analysis 


Carbon 

-ManfMMae 

SiUeoik 

Chromium 

Niekcl 

Moljrb^ciMim 

0.27  av. 

0.6  av. 

0.3  av. 

0.86  aT. 

2.95  aT. 

0.48  ar. 

Pl^yucal  Properties.    (On  finished  shaft) 

Elastic 
Limit 

Tensile 
Sbm^h 

Elongation 
Percent 

Red.  of  Area 
Per  Cent 

Izod 

Brinell 
Hardness 

130,000 

142,000 

20.5 

65 

67 

303 
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Hbat-Tbeateo  Chbomb-Vanadium  Steel  with  and  wrraotrr  Molyb- 
denum 

TABLE  5e 
Tbhsiije  Tests  on  Chbovan  Stbel 


f  Gwbon 

Manganese 

ChromiUDDi 

VanadiuBi 

Molybdenum 

0.36  av. 

.     .0.5  av. 

0.0  av. 

over  0.16 

None 

Fbyncal  Fropertiea.   (1"  round) 

TenaOe 
Strength  tt 

Elongatum 
Per  Cent 

Red.  oC  Ana 
Per  Gent. 

BriaeU 
TfawiiMM 

-J  107,500 

• 

16 

s 

54.5 

340 

TAiiLJ-:  AC 
'  TncuLB  Ttans  on  Chrovaiiiioii  fimL 

AimlysLs 


Garboli 

Manganeee 

■>t»Chioniiuni 

Vanadium 

Molybdenum 

.-.0.39 

0.48 

1.06 

0.17 

0.85 

Physical  Properties.  round) 

liinit  , 

s  Tpn.'^ilo 
Strength 

Elongation 
Per  Cent 

Hrd.  of  Area 
Per  Cent 

Rrinell 
liardueas 

170.000 

^•190,000 

19 

60 

808 
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Heat-Tbeatbd  Nickel  Steel  witb  and  witbout  Molybdenum 

TABLE  Sg 


TKMBUJi:  TfiSTH  ON  NiCKKL  iStEBL 

Analysis 


Carbon 

Manganese 

Nickel 

Molybdenum 

o.ao 

0.26 

4.00 

None 

Physical  Properties 

Elastic 
Limit 

Tensile 
StFeogth 

Elongation 
Per  Cent 

Red.  of  Am 
Per  Cent 

106»000 

120»600 

16. 

55 

TABLE  6h 


tMtiSaX  TBSTB  on  NlCMOL  Stbsl 
Analysis 


Carbon 

Manganese 

Silieon 

Nickel 

Mdybdenum 

0.33 

0.26 

0.18 

4.50 

0.68 

Physical  Plroperties.  (H" 

round) 

oa 

Ehstic 

Tensile 

Elongation 

Red.  of  Ana 

Quendi 

Limit 

Stfength 

Per  Cent 

Percent 

• 

14.W  F. 

164.«i<)0 

173,800 

16.0 

63  4 

1500°  F. 

166,500 

176,000 

15.5 

55.3 

1560*  F. 

165,100 

175,000 

15.5 

64.0 

ieoo*F. 

164,g00 

173,300  ' 

15.5 

65.6 

1660*  F. 

166,000 

174,400 

15.0 

55.0 

165,000  av. 

175,00Oav. 

15.5  a^. 

64.7  av. 
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Hxai^Tbb4Tbd  Carbon  Steel  with  Molybdenum 


TABLE  6» 

Tmm 

ma  Tmb  om  Cammol  8b 

WML 

Test  No.  1 

Garboii 

Molybdenum 

0.9ft 

OM 

0.82 

Flqriiml  Ftopntin 


ElAstic 

Tensile 

Elongation 

Red.  of  Area 

Limit 

Strength 

Percent 

Per  Cent  . 

114,000 

• 

QO.S 

90 

TABLE  V 

Test  No.  2 
AnalyM 

Carbon 

Manganese 

Molybdoium 

0.17 

0.40 

O.M 

Fliarrieal  FtapartiM 


Elastic 
Limit 

Tensile 
Strength 

Klougation 
Pttr  Cent 

Red.  of  Area 
Per  Cent 

102^ 

135^ 

10.6 

01 
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Untbbated  and  Treated  Chrome  Steel  with  Molybdenum 


TABLE  ft 

TmwnM  Tmm  on  Obbomol  Sinn.  (UimnunD) 

Aaaiytk 


Carbon 

Manganese 

Chromium 

Molybdenum 

0.26 

0.65 

0.05 

0.32.  • 

l^iysieal  PrapertieB 

Diam.  of 
Test  Piece 

Elastic 
Liiuit 

Tensile 
Strength 

Elongation 
Per  Cent 

Red.  of  Area 
Per  Cent 

1" 

89,700 

116,900 

18.6 

66 

U" 

1(M,0()0 

115,0(J() 

17  .'^ 

r>i 

2" 

75,000 

100,000 

20.5 

60 

TABLE  51 

Tknbzub  Tun  oh  Chbomol  Btuil  (TBBAnn>) 

Analysis 

Diam.  of 
Teat  Piece 

Gafboii 

AfaiigUMM 

ChfOBiiiiiD 

Molybdamun 

r 

0.26 

0.65 

0.95 

0.32 

Phyrieal  PropefUes 

Drawing 
Temperature 

Elastic 
Limit 

Tensile 
^rength 

Elongatioi) 
Per  Cent 

Red.  of  Area 
P^  Cent 

fiOO*F. 

220,000 

232,000 

12 

48 

1100"  F. 

130,000 

142,000 

20 

63 

Digitized  by  Google 


44 


BGONOMIOB  OP  BBIDQBWORK 


GBAPn  y 


In  making  cost  estimates  for  alloy-steel  bridges,  the  following  unit  prices 
have  been  assuinod.  Th^  are  based  upcm  the  market  oonditioiis  govern- 


ing in  Marohy  1920. 

Ordinary  carbon-steel  work,  erected   8<f  per  lb. 

Nickel   4()p  per  lb. 

Chroiniuin   22^  per  lb. 

Vanadium    residue   in   steel   (to  include 

wastage)   $10.00  per  lb. 

Molybdenum   $2.50  per  11). 

Heat-treatment  of  eye-ban  ;  li  per  lb. 


There  wOl  first  be  detennined  froin  the  various  diagrams  in  "Molljrb- 
denuin  Commercial  Steds "  the  best  drawing  temperature  for  the  heat  treat- 
ment of  aUpy  steeb  to  be  used  in  bridgewoik.  In  modem  aUoyHBted  prao- 
tice  there  has  come  into  vogue  the  tenn  "Quality  Number,"  meaning  the 
product  of  the  dasUc  limit  in  pounds  per  square  inch  by  t^  reduction  of 
area  expressed  in 'ratio  to  unity.  Tfaisiicoilsidered^  criterian^-eiioel- 
leniie,  because  the  mairimum  values  of  these  two  quantities  are  desirable. 
As  the  drawii|g  temperature  is  increased,  the  elastic  limit  drops  awl  the 
reduoiioa  jof  airea  augments,  consequgntly  11^  temperature  which  makes 
the  product  of  the  two  values  a  miMjatmn  [trobabiy  gjtves  the  bes^  .result 
for  combined  strength  and  toogfaness.  • 

An  anafysb  of  fifteen  diagrams  in  "Molybdenifli  Commereial  Sleeb" 
shows  that  the  average-best  drawing  temperature  is  $0(X*'.jP.r  it  being  a 
trifle  greater  for  ofl  quenching  than  for  water  quenching.  A  hi|^  draw- 
ing temperature  than  this  seems  to  be  prefmble  for  automobile  steel,  in 
order  to  secure  great  touf^mess  for  resisting  shodc;  but  it  gives  very  good 
results  with  steei  having  ifma  cljuByracteri^l^cB  «eu|^^  bridge  building, 
the  average  percentage  of  elongation  for  small  test  pieces  being  15.5.  As 
the  principal  standard  bridge  spedfidtdons  call  for  an  elongation  of  15 
per  ceikt  in  specimen  tests  of  nickd'  steel,  if.  may  be  oonduded  that  the 
molybdenum-eteel  allc^  abdve  considered  kre  satisfactory  in  respect  to 
tUseriterion.  ' 

There  will  next  be  determined,  as  accurately  as  the  rather  meagre  data 
available  will  permit;  for  all  of  the  usual  kinds  of  alloy  steels,  the  economic 
benefit  to  be  derived  by  adding  molybdenum  to  the  other  ingredients  of 
the  steel. 

...        Cabmoi4,.^te£l  v£B8U^  Ca&bon.Stk^  ; 

From  a  reliable  sourer  the  author  has  lournod  that  the  beat-treatment 
of  carbon-stool  oyo-bat  s  raiso.c;  t ho  elastic  Hiuit  from  i^0,O(K)  lbs.  per  square 
iiioh  to  at  least  r)(),(KXJ  lbs.  |)or  sc^uaro  inch,  and  that  the  present-day  coat, 
of  the  lioat-trc.tt  niont  is  aboiit  ono  wnt  por  pound.  '  .'I 

Let  us  ataiiume  that  in  a  pin-connected_bridge  the  average  value  in  place^ 
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for  carbon  steel,  both  treated  and  untreated,  k  8.5^  per  pound,  then  refer- 
ring to  Table  5t,  we  shall  have  the  fdlowing: 


CaBMOL  STEEIi 

99.68  lbs.  Steel   @  8.5fS  -  $8.47 

0.32  lb.  molybdenum  @  $2.53  »  .81 

100.00  lbs.  alloy.  @  0.28f(-  10.28 

EnsesB  cost  in  manuf actuie  and  erection, 

say   @  1.00^-  1.00 

Total  "!jf;^.28 

...  r.J^-1.21 

Working  tensile  stress  for  heat-treated  steel  =38,000  lbs. 

Ditto  untreated  (imsiimfMl)  =30,000  Ihs. 

Average  =  J  (2  X  30,000+ 3^,000)  =32,700  lbs. 


CARBON  STEEL 

Working  tensile  stress  for  heat-treated  steel ....  =20,700  lbs. 

Ditto  untreated  =  1(),(K)0  ll)s. 

Average  =  i  (2X16,000+26,700)  =  19,600  lbs. 

.    ,    19,600    „  _ 

and  rr'-l. 21X0.6-0.726 

As  this  is  far  lower  than  any  values  of  r  given  in  Figs,  ^ya  and  56,  it 
is  evident  that  the  addition  of  molybdenum  to  carbon  steel  will  always 
effect  a  laorge  economy. 

Chromol  Steel  versus  Chrome  Steel 
Referring  to  Tables  5a  and  56,  we  have  the  following:  .4 

CHBIMf  OL  STEEL 

98.93  lbs.  Steel  @8.5<f  =$8.41 

0.70  lb.  Chromium   <p  25e      =  .19 

0.31  lb.  Molybdenum   ^  «2.63  =  .78 

lOO.OQ  lbs.  Alloy   @  9.3^^=^.38 
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99  lbs.  Steel   @,  8.5^  =$8.42 

1  lb.  Chromium  ^25^    -  .25 

lOOlbB.  AUoy  &  8.67^»|8.67 


CBBOMOL  fiTBEL 

Working  tensile  stress  for  heat-treated  steel  =50,300  lbs. 

Ditto  untreated  (approximately)  =  39,000  lbs. 

Average- i  (2  X39,000+50,300)  «42,800  lbs. 


Working  tensile  stress  for  heat-treated  steel....  =46,300  lbs. 

Ditto  untreated  (assumed)  =33,000  lbs. 

Average^!  (2X33,000+46,300)  -37,400  Ibe. 

...  /.^.0.87 

and  r/-1.082X0.87-0.94 

As  this  is  lower  than  nearly  all  the  values  of  r  r'  in  Figs.  5a  and  56,  it 
may  be  concluded  that  it  is  almost  always  economic  to  add  molybdenum  to 
chrome  steel;  or,  in  other  words,  chromol  steel  is  preferable  to  chrome 
Steel  for  bridg^work  on  account  of  both  cost  and  toughness. 

NlGMOIt  StBSi  VJOHBUV  NiGXBi  StUBi 

Unfortunately,  the  records  in  "Molybdenum  Commercial  Steels"  do 
not  give  any  tests  for  the  untreiit-ed  Nickel  Stt'el;  but  as  the  author  once 
made  some  tests  on  a  4}%  nickel  steel  for  eye-bars,  he  will  use  the  results 
thereof  in  this  crude  investigation. 

Referring  to  Table  bh,  and  employing  averages,  we  have  the  following; 


94.92  lbs.  Steel  

4.50  lbs.  Nickel  

0.58  lb.  Molybdenum 


100.00  lbs.  AUoy 


NldfOL  8TJUCL 


@  S.5i  -  18.07 
@  43ff  =  1.94 
@  $2.53  »  1.47 


@  11.48^-$11.48 


Digitized  by  Google 


ECONOMICS  OF  ALLOT  8XBSLS 


47 


Beferriiig  to  Table  5g,  we  have 

NICUBL  8TSEL 

96.00  lbs.  Steel   @  8.5^    -  $8.16 

4.00  lbs.  Nickel   @  43^     -  1.72 


100.00  Ibe.  Alloy  ®  9.88^  -  10.88 


NICMOL  flTEBL 


Working  tensile  stress  for  heat-treated  steel . . .. «  58,300  lbs. 

Ditto  untreated  (approximately)  ^  45,000  lbs. 

Average- i  (2X45»000+58^)  -49,400  lbs 

NICKEL  STEEL 

Wpridng  tennle  gtresB  for  heat-traafted  steel. ...  —40,000  flbe 

Ditto  untreated  -28,000  lbs. 

AverasB-i  (2X28,000+40,000)  -32,000  lbs. 

andrr'-1.162X0.647»0.752 

As  this  is  lower  than  any  of  the  values  of  r  r'  given  in  Figa.  5a  and  56, 
it  is  evident  that  the  addition  of  molybdenum  to  nickel  steel  will  atways 
effect  a  large  economy. 

NiCHBOIIOL  StBBL  VBB8TO  NiGHBO  StBBL 

Referring  to  Tables  5c  and  dd,  we  have  the  following: 

MICBSOMOL  SnSBL 

95.76  lbs.  Steel   @.  8.5ff  =  $8.14 

0.86  lb.  Chromium   ^  25ff  -0.22 

2.95  lbs.  Nickel   @  43^  «  1.27 

0.43  lbs.  Molybdenum   @  $2.53  =  1.09 

100.00  lbs.  Alloy  @  10.72^«$10.72 

Digitized  by  Google 


48 


BOONOMIGB  OF  BBIDOBWOBX 


MICHBO  STEEL 


@  8.5^ 

-  18.13 

@  25^ 

-  0.25 

@  43^ 

-  1.42 

l/n  A  Ilia  Allmr 

_  <o  fin 

NICHROMOL  STEEL 

Working  tensile  stress  for  lion t -treated  steel....  = 

47,300  lbs. 

37,500  lbs. 

Average- J  (2X37,500+47,300)  

40,800  lbs. 

NICHRO  iSTKEL 

Wprking  tensile  stress  for  heat-treated  steel . . ..  = 

45,0(X)  Ibg. 

35,500  lbs. 

Average»i  (2X35,500+45,000)  

38,700  lbs. 

38,700^ 

40,St)0 

aiidrr'«1.094X0.949» 

1.038 

Referring  to  Figs.  5a  and  56,  it  is  seen  that  the  simple-span  length  cor- 
responding to  this  product  is  about  600  feet  and  the  main  opening  for  a 
Type  A  cantilever  is  about  1,600  feet;  and  as  most  spans  are  below  this 
limit,  it  appears  probable  that  there  is  seldom  any  economy  in  adding 
molybdenum  to  chrome-nickel  steel  for  the  manufacture  of  l)ridpcs;  but 
the  data  used  for  this  investigation  are  so  crudely  approximate  that  this 
conclusion  requires  corroboration.  It  would  need  some  elaborate  and 
expensive  experimenting  to  determine  this  economic  point  with  accurju y. 
The  addition  of  the  molybdenum,  though,  would  undoubtedly  improve 
the  quality  of  the  alloy  by  increasing  its  resistance  to  shock. 

Chrovanmol  Steel  versus  Chrovan  Steel 

Referring  to  Tables  5e  and  5/,  we  have  the  following: 

CHROVANMOL  STEEL 

97.92  lbs.  St^^el                                     8.5^    =  $8.32 

l.OC  lbs.  Chromium                          @  25(^      =  0.27 

0.17  lb.  Varuulium                            (n  S10.CX)=  1.70 

0.85  1b.  Molybdenum                     ^  $2.53  =  2.15 


100. 00  lbs.  Alloy........  @  12.44ji= $12.44 
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CHBOYAN  STEEL 

98.94  lbs.  Stool   @  =  S8.41 

0.90  lb.  Chromium   250      =  0.23 

0  16  lb.  Vanadium   @  WO.t)D=    1  60 

100.00  lbs.  AUoy   ®  10.24^»>10.24 


CHBOVANMOL  STEEL 

Working  tensile  stress  for  heat-troated  steel ....  =63,300  lbs. 

Ditto  untreated  (entirely  assumed)  =47,000  lbs. 

Average  =  J  (2X47,000+63,300)   =62,400  Ibe. 

•  •» 

CHBOTAN  STEEL 

Working  tensile  stress  for  heat-treated  steel.. . .  =56,000  lbs. 

Ditto  untreated  (entirely  assumed)  =41,500  lbs. 

Avera^=i  (2 X4i,50o4- 56,000)  »46,300  lbs. 

,    .   46,300  _ 

"  '^   62,400""  '^ 

and       1.215  X  0. 884-1. 074 

From  FlgB.  5a  and  56  we  find  that  this  product  corresponds  to  a  simple- 
span  length  of  about  750  feet  and  to  a  main  cantilever  opening  of  al)out 
2000  feet;  and,  as  these  are  excessive,  it  may  \ye  concluded,  for  bridgework, 
that  there  is  no  advantage  in  adding  molybdenum  to  chrovan  steel. 


The  next  economic  question  to  solve  is  that  of  the  gain  involvofl  by  in- 
creasing the  percent^ige  of  molylxlenum  in  an  alloy  of  steel.  From  cer- 
tain diagrams  in  "Molybdenum  Connnercial  Steels"  the  following  data 
for  comparisofi  of  chnnnol  steel  of  Classes  A  and  C'  have  been  excerpted, 
the  treatment-temperature  being  800°  F. 

CLASS  A 

Average  analysis,  Carb.  0.15,  Mang.  0.38, 
Chrom.  0.72,  Moly.  0.28 
E.  L. » 105,000  lbs.,  Ult.  =  130,000  lbs.,  Elong.  =  20%,  Red. = 65%. 
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GLAfiB  0 


Average  analysis,  Caib.  0.18,  Mang.  0.87, 
Chrom.  1.05»  Moly.,  0.73, 
E.  U^mfiOO  lbs.,  Ult-170,000  lbs.,  EloDg.  =  18%,  Re(L»58%. 

CLA8S  A 

09.00  lbs.  Steel   @  8.5^   -  $8.42 

0.721b.  Chromium   @  25^     =  0.18 

0.28  lb.  Molybdenum  &  $2.53  «  0.71 

100.00  Ibe.  Alloy  @  0.31^  -  10.31 

GLAflB  C 

.    98.22  lbs.  Steel  @  8.5^    =  $8.36 

1.05  lbs.  Chromium   @  25ff     =  0  .26 

0.731b.  Molybdenum  @  $2.53  »  1.85 

100.00  lbs.  Alloy  ®  10.46^»$10.4a 


'  931 


CLASS  A 


Working  tensile  streaa  for  heat-tieaAed  steel ....  - 43,300  Ibe. 

Ditto  untreated  (assumed)  ■> 37,000  Ibe. 

Average- 1  (2X37,000+43^)  -39,100  Iba. 

GLAflS  C 

Working  tensile  stress  for  heat-treated  steel....  =56,700  Ibe. 

Ditto  untreated  (iissumed)  « 48,500  lbs. 

Average^ i  (2X48,500+56,700)  -51,200  Ibe. 

and  rr'-l. 124X0.763-0.858 

From  Figs.  5a  and  56  we  find  that  this  is  lower  than  those  recorded 
there  for  very  short  spans,  from  which  it  is  evident  that  increasing  the 
molybdenum  content  up  to  three  (juarters  of  one  per  cent  is  in  the  line  of 
economy,  provided  that  the  resulting  alloy  be  not  too  brittle.  The  writer 
of  "Molybdenum  Commercial  Steels"  states  that  there  is  an  advantage 
in  using  molybdenum  up  to  a  limit  of  one  per  cent;  but  whether  this  can 
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be  done  with  impuiiity  in  the  case  of  bridge  met^  can  osiy  be  proved  by 
Mtual  esperinwDlB  irith  the  bigb  aUo^ 


CUMFILATIQK 


•  The  lolhyiniig  table  snresavtei^ 
evolved: 

TABLE  6m 


Kind  of  Steel 

OostperLb. 

fbrTnnm 

Cannol  

9.28^ 

32,700  lbs. 

9.38^ 

42,800  lbs. 

11.48^ 

49,400  Ibe. 

10.72^ 

40,800  Dm. 

12.44^ 

88,400  flbi. 

• 

An  inspection  of  Table  5m  shows  that  the  Cannol  and  Nichromol  steeb 
aie  out  of  the  running;  hence  it  will  be  neeenaiy  to  teat  the  three  othen. 
Comparing  Chromol  and  Nicmol,  we  have: 

.   11.48  42^^ 

From  FlgB.  5a  and  56  we  find  that  thia  produet  eofreaponda  to  a  simple- 
ipan  length  of  about  700  feet  and  to  a  main  cantilever  opening  of  about 
1,900  feet>  hence  it  may  be  conehided  that,  eioq[it  for  unuBuaOy  loi^ 
Nicmol  8(eel  is  not  aa  economic  aa  Chromol  ateeL 

Comparing  Chroimal  and  Chrovanmol,  we  have: 

0.38  62,400 

As  in  the  last  case,  this  is  so  great  aa  to  show  that  Chromol  ateelia  mote 
economic  than  Chrovanmol  steel. 

From  all  that  precedes  it  is  evident  that  the  most  promising  combina- 
tion of  alloying  materials  for  a  high-grade  bridge-ateel  is  one  of  chromium 
and  molybdenum;  and  a  good  ana^yaia  to  teat  aa  a  atarter  would  be  aa 
foUowa: 

Carbon  0.25 

Manganese  0.75 

Chromium  ,  0. 75 

Molybdenum  '  0.75 
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It  would  noidcv  however,  to  coiifine  one's  attention  solely  to  Chrom(J 
steel  in  making  a  systematic  study  of  the  question  of  the  best  higb-aUogr 
of  steel  for  biidgowork,  because  the  pieoeding  study  has  been  made  upon 
data  some  of  which,  of  nocpssityy^fure  so  roughly  approximate  that  the 
findings  therefrom  have  to  be  taken  cum  grano  salts.  All  that  can  properly 
be  claimed  for  this  tentative  investigation  is  that  it  will  serve  as  an  indf- 
eation  that  an  exhaustive  series  of  tests  on  molybdenum  steel  for  bridges 
would  be  well  worth  while,  and  that  it  suggeeto  about  what  might  be 
opectedM  a  neott  thereof. 

j    '  • 

4 
» 


•IPS  U 
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t 
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ooMfAsuarm  bconomigs  of  bbidgib  and  tdmnhui 

Tbb  oontrasUng  of  a  bridge  with  a  tunnd  or  a  comhinatlon  of  tunneb 
for  any  proposed  croeBing,  in  respect  to  the  question  of  ccooomicsy  is  by  no 
means  easy;  because,  in  order  to  make  a  jxTfcctly  just  comparison,  the 
facilities  afTordcd  by  the  two  stniotures  should  be  aUke.  Generally,  lay- 
men make  the  mistake  of  pitting  a  single-track  tunnel  against  either  a 
doubl&-track  bridge  or  a  piiroly  railway  tunnel  against  a  combined-rail- 
way-and-highway  bridge.  As  it  is  usually  uneconomic  to  make  the  interior 
diameter  of  a  tunnel  tube  much  greater  than  twenty  feet,  because  the  008t 
off  such  a  Ui\je  increases  very  rapidly  with  the  diameter,  and  as  any  pro- 
jected bridge  that  is  in  competition  with  a  tunnel  is  necessarily  a  structure 
of  some  importance,  and,  therefore,  wide  of  deck,  it  is  evident,  that  the 
comparison  will  probably  always  be  made  between  one  bridge  and  two  or 
moro  t.imnols.  Again,  jis  the  travel  in  a  tube  of  twenty-foot  internal 
diameter  must  either  be  in  one  dirootion  only  or  else  very  slow,  two  tube-s 
will  l>o  rcrjuinHl  in  order  to  obtain  nipid  transit.  The  reason  for  this  is 
tliiit,  in  a  tiling  just  luije  enough  for  two  lines  of  traffic  in  oppcKsite  direc- 
tions, the  sjxietl  is  al)sohitely  limited  to  that  of  the  niost-slowly-moving 
vehicle;  l>ecausc  it  would  l)e  impractical)le  for  a  rapidly-moving  jiutomobile 
to  turn  out  so  as  to  })ass  a  slow  vehicle  without  facinc;  the  hne  of  traffic 
coming  in  the  opposite  direction;  and  a  sintjle  breakdown  would  quickly 
block  all  motion.  Anyone  who  gives  the  subject  any  thought  must  quickly 
arrive  at  the  conclusion  that  the  motion  of  traffic  in  any  highway-tunnel 
tube  miLst  Ix;  restricted  to  one  direction  only. 

Another  obstacle  to  the  satisfactory  comparison  of  these  fundamentHlly- 
diffci'ent  typ<^s  of  transportation  structures  is  the  as-j'et-unsoixcd  i)r()l)lem 
of  ventilation.  Many  engineers  cont<'nd  that  it  is  al)solutely  inisafe  to 
run  automobiles  through  a  lonj;  tunnel  b<«cause  of  the  exceedingly-poison- 
ous carbon-monoxide  given  forth  during  coinl)ustion;  while  others  say 
they  are  certain  that  such  traffic  can  be  maintained  without  danger. 
Probably  this  question  will  l>e  settled  finally  during  the  next  five  years, 
and  in  the  only  convincing  manner  pf)ssible,  viz.,  by  building  a  long  tunnel 
for  automobile  travel  and  operating  it.  As  it  is  stated  by  nuxlical  men  of 
high  authority  that  the  action  of  carbon-monoxide  upon  the  human 
system  is  cumulative,  it  may  prove  difficult,  (>xiM'nsive.  or  even  totally 
impracticable  to  dilute  the  jx^ison  to  such  an  extent  as  to  make  the  atmo^- 
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phcrc  in  the  tube  perfectly  safe  for  breathing,  espedally  by  people  of  feeble 
coiLstitution. 

There  is  another  factor  that  U  likely  to  have  considerable  influence  in 
de(  Kiiiig  between  bridge  and  tunnel,  viz.,  that  driving  over  the  former  is 
much  more  agreeable  than  driving  through  the  latter.  Again,  walking 
through  a  long  tunnel  is  so  unpleasant  that  it  would  seldom  be  worth  while 
to  make  any  provision  whatsoever  for  pedestrian  travel  therem. 

Then,  too,  the  differanoe  between  the  height  of  dimb  over  a  bridge  and 
the  depth  of  deeoent  into  a  tunnd  will  have  eome  effect  upon  the  ehoioe  of 
straotiire.  In  general,  it  may  be  stated  that  the  dip  of  a  tunnel  is  greater 
than  the  rise  of  a  ]ow-4evel  bridge,  about  equal  to  that  of  an  oidinary  high-' 
level  bridge,  and  kflB  than  that  of  a  sbruotuie  b 
venoehk 

Supposmg,  however,  that  aU  the  pros  and  oooB  of  the  two  types,  banin^ 
ooet  only,  about  balance  each  other,  the  question  for  settlement  would  be 
one  of  economics;  and  then  the  decision  would  favor  the  bridge,  because 
for  equal  faeiUHe9  the  cost  of  the  tunnel  almost  always  greatly  exceeds  that 
of  the  bridge.  Of  course,  the  conditions  affecting  the  latter  migjht  be  so 
onerous  as  to  increase  the  cost  of  the  structure  beyond  any  reasonable 
limit— -for  instance  a  epan  of  unprecedented  length;  but,  in  general,  the 
bridge  costs  less  than  the  tunnel 

In  the  author's  practice  he  has  twice  had  occasion  to  pit  bridge  against 
tunnel  In  the  fint  case  a  highwi^  suqiension  bridge  with  a  span  of  1,760 
feet  and  a  total  dear  roadway,  indudhig  sidewalks,  of  96  feet  was  oon- 
tiasted  with  two  tubes  which  together  gave  a  dear  roadway  of  56  feet. 
The  result  was  that  the  tubes,  in  spite  of  their  smaller  carrying  capacity, 
cost  about  fifty  per  cent  more  than  the  bridge. 

In  the  other  case,  a  single-track-railway  tube  cost  considerably  more 
than  a  double-track,  low-level  bridge — and  even  a  little  more  than  a  low- 
level,  conil)ined-railway-and-highway,  doiihlc-deck  stnioture.  Comparing 
the  tunnel  and  a  high-level  bridge  with  a  clearance  above  high  water  of 
150  f(  (  t .  t  he  ratio  of  costs  of  a  two-tube,  railway  t  unnel  and  a  double-track, 
railway  bridge  was  1.1 ;  and  comparing  a  thrco-tube  tunnel  for  both  railway 
and  highway  traffic  with  a  eon)bined-raihva\'-and-highway,  high-levd 
bridge,  in  which  comparison  the  facilities  afforded  were  nearly  equal,  the 
ratio  <rf  costs  was  1.12 — both  of  these  results  IxMng  in  favor  of  the  bridge. 

There  is  one  advantage  which,  tiieorctically,  the  tunnel  possesses  over 
the  bridge;  and  under  certain  conditions  it  might  Ix'come  jiracticaUy  open^ 
tive,  viz.,  that,  while  a  wide-decked  bridge  lias  to  be  built  all  at  once,  several 
tunnels  of  the  same  agprepate  width  can  be  constructed  from  time  to  time 
as  the  traffic  neressitat<^s,  thus  saving  for  some  years  the  interest  on  the 
difference  between  first  costs. 

A  claim  has  h(>en  made  that  any  bridtro  liaving  more  than  about  forty 
feet  of  deck-width  will  congest  the  trafHc  to  such  an  extent  that  there  is  no 
advantage  to  be  obtained  from  the  extra  width  above  the  said  forty  feet; 
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but  such  aa  idea  is  a  fallacy,  because  the  incoming  and  the  outgoing 
vehicles  could  enter  and  leave  the  bridge  at  points  two  blocks  apart,  and  a 
douUe-track,  electrio-railway  line  could  enter  and  leave  by  the  street 
between.  If  this  arrangement  would  not  separate  the  incoming  and  the 
outgoing  traffic  sufficiently,  the  entrances  and  exits  might  be  located  four, 
six,  or  eight  blocks  apart — in  fact  there  need  bo  no  netriction  as  to  the 
total  width  of  deck  in  case  that  this  method  of  traffic  separation  be  adopted. 

By  employing  a  spiral  approach  of  large  diameter,  the  traffic  could 
leave  the  periphery  thereof  at  three,  or  even  more,  points,  thus  making  the 
approaoheB  to  the  said  spiral  of  different  lengths,  but  all  comparatively 
short. 

Some  months  after  the  preceding  was  written  with  tlio  intention  of 
considering  the  trcatnient  of  the  subject  as  closed,  the  author  had  occasion 
to  prepare  for  the  American  Society  of  Civil  Engineers  a  jiaper  entitled 
"Bridge  i>crsus  Tunnel  for  the  Proposed  Hudson  River  Crossing  at  New 
York  City";  arul  as  it  gives  much  additional  information  upon  the  general 
economic  question  involved  in  this  chapter,  it  is  here  reproduced  practically 
verbatim: 

Whilst  making  lately  some  extensive  calculations  concerning  the  costs 
and  e<!onomics  of  long-span  suspension-bridges  for  his  forthcoming  treatise 
on  "Economics  of  Bridgcwork,"  the  author  ha.s  had  occasion  to  figure 
weights  of  metal  for  a  number  of  such  si)ans;  and  by  means  of  the  result- 
ing data  he  was  able  to  undi'rtuke  an  invest  ifj;ation  of  the  comparative  costs 
and  efficiencies  of  bridges  and  tunnels  for  the  long-talked-of  crossing  of  the 
North  lliver  at  New  York  City.  Thinking  that  the  present  is  an  auspicious 
time  for  a  thorough  discussion  of  the  sul)ject,  he  has  collected  and  condensed 
the  results  of  his  laboi-s  and  incorporated  them  in  this  memoir  for  the 
Society. 

For  some  years  he  has  been  of  the  opinion  that  the  best  and  most 
economic  solution  of  the  problem  under  consideration  is  to  carry  all  street 
cars  and  subway  cars  beneath  the  water  and  the  strictly-highway  traffic 
above  it.  As  far  as  the  qu^tion  of  desirability  is  concerned,  this  arrange- 
ment would  be  the  best  practicable  for  the  following  reasons: 

Fird,  In  respect  to  cost  of  operation,  the  tunnel  would  require  a  dip 
of  ninety  feet  below  high-water,  and  the  bridge  a  rise  of  one  hundred  and 
eighty  feel  aixsve  it;  oonseciueiitly  it  k  erident  that,  as  far  as  the  matter 
of  expenditure  ol  energy  isoonoeined,  the  tunnel  would  be  decidedly  pref- 
enble.  The  differenoe  in  cost  of  power  would  be  very  apparent  to  the 
management  of  the  eleetrio  railways,  and  possibly  alao  to  the  opemton  of 
heavy  trucks,  but  it  would  not  be  noticed  at  all  by  the  owners  of  antomo* 
biles  used  mainly  for  pleasure  traffic  When  an  automobilist  is  about  to 
dimb  a  long,  heavy  grade,  he  seldom  thinks  anything  concerning  how  much 
exira  his  gssoline  is  going  to  cost  him;  but  the  officers  of  an  dectric  railway 
line  generaUy  figure  with  the  greatest  of  care  (m  the  item  of  power  expense, 
and  aim  to  reduce  it  to  a  minimimi. 

ft 
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Second.  In  regard  to  the  difference  in  the  expenditures  of  time  in  oiimb- 
ing  up  and  down  the  approaches  of  the  two  crosBingB  under  comparieon, 
the  gravity  of  this  matter  would  be  duly  appreciated  by  the  railroad  com- 
pany and  more  or  less  by  the  opefaton  of  truckB,  but  it  would  not  be  reoog- 
nized  by  automobile  owners  and  users. 

Third.  As  to  the  agreeableness  of  the  two  kinds  of  crossing,  while 
people  do.  not  particulaity  fanpy  going  under  ground  before  they  are  ulti- 
mately compelled  to,  they  soon  become  accustomed  to  passing  beneath  the 
water  in  electric  cars,  as  is  evidenced  by  the  many  New  York  business  men 
and  women  who  reside  on  Long  Island  or  in  New  Jersey.  Perhaps  in  time 
the  (lriv(Ms  of  trucks  would  become  so  used  to  traversing  tunnels  as  not  to 
.  object  to  tiie  gloom  tluit  is  inherent  in  such  pjussage;  but  the  gcnenil  puh- 
lic,  ahnost  to  a  man  fund  certainly  to  a  woman),  would  always  greatly 
prefer  driving  over  a  structure  that  provides  goo<l  air  and  light,  and  usually 
a  fine  view  of  the  harlxjr  and  the  surrounding  country,  in  comparison  with 
traversing  a  long,  cnun{MMl,  and  dingy  tul)e. 

Fourth.  In  relation  to  the  question  of  s;initation,  there  is  practically 
no  greater  danger  to  liealth  in  passing  through  a  tunnel  in  which  the  jiower 
used  is  always  electrical  than  there;  is  in  traversing  a  bridge;  but  the  safe 
ventilation  of  a  tube  carr>-ing  automobile  traffic  is  as  yet  an  unsolved 
problem.  Figiues  show  that  such  ventilation,  if  feasible,  would  ]x*  exceed- 
ingly exjwnsive,  and  the  velocity  of  tiie  {Kussing  air  would  In*  excessive. 

Again,  as  carbon  monoxide,  like  arsenic,  is  a  cumulative  ]X)ison,  (here 
exists  a  |)os.sibility  that  the  regular  daily  passage  through  a  tube  where  the 
gas  remains  constantly,  even  in  minute  (juantities,  would  eventually  under- 
mine one's  health.  Resides,  theic  is  always  the  chance  of  a  blockade  of 
traffic  with  the  tunnel  full  of  automobiles,  and  these  may  he  counted  ui)on 
to  discharge  more  or  less  products  of  combustion  even  when  standing  still. 
Such  a  blockade  might  result  in  a  holocaust. 

The  author  sees  no  serious  objection,  however,  to  building  the  contem- 
plated highway  tunnels  under  the  North  River;  because  if,  after  comple- 
tion, they  prove  to  be  unsafe,  or  otherwise  unaatlaiBetory  for  automobile 
traffic,  they  can  either  be  used  by  electric  railway  cars  or  else  a  moving 
platform  can  be  put  in  to  carry  vehicles  through  without  letting  them  .use 
their  own  power.  The  experiment  of  automobile  transportation  through 
long  tunnels  might  be  worth  making,  for  the  results  in  any  event  would 
prove  of  great  interest  and  vahie  to  the  engineering  profession,  as  wdl  as 
to  the  general  public. 

In  making  the  comparative  esthnates  of  cost  of  bridges  and  tunneb  for 
this  eroflsing,  the  author  adopted  four  (4)  per  cent  grades  on  the  approaohes 
of  both  structures  and  dear  roadways  of  twenty-two  feet,  with  sidewalks 
eleven  feet  wide.  He  utilised  as  a  basis  for  his  comparison  the  cost  esti- 
mates for  tunnels  given  in  the  report  of  Clifford  M.  Holland,  M.  Am.  8oe. 
C.  E.,  Chief  Engineer  of  the  New  York  State  Bridge  and  Timnel  Commis- 
sion and  the  New  Jers^  Interstate  Bridge  and  TVinnel  CommisHion;  but 
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it  was  necessary  to  modify  some  of  the  items  for  the  increased  diameter  of 
tube  and  the  steeper  approach  grades,  also  to  omit  the  costs  of  equipment 
and  administration,  as  these  are  not  included  in  the  bridge  estimates.  For 
the  modification  of  cost  due  to  a  changed  diameter  of  tube,  it  was  assumed 
thttt  the  oost  per  lineal  foot  inoroiioeg  and  deeroaooB  as  the  squaro  ol  the 
exterior  diameter.  Hue  aaBumptioii  is  ahaooet  exaetly  eorrect,  becauee  the 
thickneai  of  the  shdl  varies  directly  with  the  diameter,  as  does  also  the 
length  of  the  periphery,  oonsequently,  the  volume  of  the  shell  is  approxi- 
mately proportional  to  the  equate  of  the  diameter.  Again,  the  volume  of 
exGttvatlon  tor  any  shield-driven,  dioular  tunnd  varies  as  the  square  of  the 
diameter;  and  as  almost  the  entve  cost  per  lineal  foot  Is  that  of  the  shell 
plus  that  of  the  excavation,  it  Is  evident  that  the  assumptkm  mentioned  Is 
justified. 

Increasing  the  exterior  diameter  of  the  tube  to  thirty-one  (31)  feet 
makes  the  interior  diameter  twentyHHven  (27)  feet  Thlslsjustenoue^to 
provide  a  dear  roadway  of  twenty-two  (22)  feet  in  the  hii^way  tunnel  an4 
allows  just  enough  space  for  two  lines  of  the  widest  subway  can  In  the 
deotrio-railway  tunnd. 

In  the  latter  type  It  Is  feasible  to  contrast  the  cost  of  a  double-track 
tube  with  that  of  two  sin^e-track  tubes;  but  In  a  highway  tunnel  it  Is  not, 
because  a  breakdown  of  a  sini^  vehicle  would  block  all  traffic  until  it  is 
hauled  out  by  sending  s  double-ender  wrecking-car  into  the  tube  In  a 
reveise  direction  to  that  of  the  traffic.  With  such  an  occurrence  in  a 
double-track  tunnel,  the  automobiles  could  pass  by  the  wrecked  vehicle. 

If  there  were  an  accidental  stoppage  of  an  electric  railway  oar  in  a 
single-track  tube,  it  would  cause  no  more  obstruction  to  rail  traffic  than  it 
would  if  the  accident  had  taken  place  in  a  double-track  tube  that  operates 
in  both  directions. 

The  author  computed  all  the  ((uantities  of  materials  in  substructure, 
superstructure,  and  approaches  of  six  struetures,  in  order  to  plot  the  two 
cost  curves  for  bridges  shown  in  Fig.  6a.  On  that  diagram  are  given  the 
total  costs  for  bridges  with  their  approaches  and  for  tunnels  with  their 
approaches  based  upon  the  unit  prices  which  governed  at  the  time  the 
tunnel  estimates  were  prepared.  The  prindpal  ones  of  these  are  as  follows: 

Wire  caUes  in  place  23^$  per  lb. 

Niekd  sted  in  place  IH  per  lb. 

Ftain  concrete  in  shafts  and  anchorages  S16.00per  cu.  yd. 
Mass  of  pneumatic  bases    $35.00  per  cu.  yd. 

In  proportioning  the  substructures  the  author  made  the  dimensions  as 
small  as  considerations  of  true  efficiency  would  permit,  and  did  not  attempt 
any  beantification  of  structure  by  an  unnecessar>'  enlargement  of  piers.  If 
these  are  properly  built  meet  all  possible  conditions  of  loading  and  so  as 
to  provide  apainst  future  (ictcrioration  caused  by  the  elements,  that  ought 
to  suffice;  and  so  doing  should  be  deemed  good  engineering  practice. 
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'  In  order  to  make  the  investigation  general  instead  of  particular,  so  as 
to  apply  to  a&  other  moBar  rivor  craesingB  by  very-high4Bv«l  suspenaoii- 
brklges,  the  span-lengths  wece  assumed  to  be  lySQO,  2,300,  and  3,000  feet, 
to  permit  the  plotting  of  coma  of  total  oosts  lor  both  bridges  and  tuimels 
with  thdr  approaches  for  various  widths  of  river.  In  this  special  ease  the. 
span  length  would  have  to  be  about  2,900  feet;  and  in  all  cases  the  length 
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Fta.  6a.  Diagram  of  Total  Costs  tA  Highway  and  Eketrio-RailwEy  Bridges  and 
TUnndB,  with  their  AppioMfaH,  for  Craorii«i  Simikr  to  that  of  tbo  North  BifW 
atNewYoifcGity. 


of  the  liorizontal  portion  of  the  tunnel  has  Ix^en  a^ssumed  to  be  exactly 
equal  to  that  of  the  main  span  of  the  competing  bridp;e. 

In  the  liighway-structure  comparison  there  were  adopted  for  the  bridj^e 
three  clear  roadways  of  twenty-two  feet  each,  and  two  sidewalks  of  eleven 
feet  each,  corresiX)nding  to  four  double-track  tulx'S  each  of  twenty-two 
feet  clear  roadway.   The  driveways  were  assumed  to  consist  of  creosoted- 
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wooden-block  pavement  supported  by  leinfofoednxxierete  dab,  and  the 
sidewalks  to  be  of  reinforced  granitoid. 

In  the  eleetric-railway-stnictuie  compariaoni  the  floors  were  assumed 
to  be  of  the  open  Ui^e,  having  wooden  ties  and  guardraihi  and  the  usual 
steel  rails;  and  eight  lines  of  track  were  adopted  so  as  to  compare  with 
four  lines  of  double-traok  tubes  and  with  eight  lines  of  single-track  tubes. 

In  every  possible  manner  the  comparison  was  made  fair  and  equitable, 
empting  that  the  costs  of  ri(2;ht-of-way  and  property  damages  for  the 
approaches,  for  obvious  leasons,  had  to  be  ignored.  This  militated  against 
the  tunnel;  hence  in  any  actual  case  of 'comparison  an  allowanoe  WOuM 
have  to  be  made  for  the  diflferenre  in  costs  of  right-of-way  and  property 
damages  for  the  approaches  to  the  two  structures.  In  the  case  of  the 
bridge,  by  purchasing  a  large  city-block  close  to  the  water  and  building  a 
spiral  approach  thereon,  the  cost  of  the  said  right-of-way  and  property 
damages  would  Ix'  reduced  to  a  minimum;  and  even  that  cost  mi^ht  Ixi 
oflFsct  by  constructing  a  high  office  building  above  the  spiral.  Such  a 
building,  owing  to  its  loi-ation,  ought  to  possess  a  high  rental  value. 

Fig.  (mi  shows  the  total  costs  of  main  span,  piors,  and  approaches  for 
both  highway  and  electric  railway  bridges  and  those  of  the  corresponding 
tunnels. 

As  before  iridicat-cd,  llu:  short csl  span-length  that  can  be  used  for  the 
proposed  North  Hivor  bridge  is  about  2,9(X)  feet,  for  which  length  the 
diagram  gives  approximately  the  following  costs: 

Highway  Bridge   $32,500,000 

Four  Highway  Tunnels   $49,000,000 

Electric-Railway  Bridge   $:34,50().(K)0 

Four  Double-Track,  Electric-Iiiiil way  Tunnels..  $48,000,000 
Eight  Single-Track,  Electric  RaUway  Tunnels..  $30,000,000 

This  indicates  that  there  is  a  saving  of  oost  in  favor  of  the  hi^^way 
bridge  anuN^tttng  to  $16,500,000,  and  one  of  $4,500,000,  in  favor  of  single- 
trade,  dectrio-raihray  tunnels.  The  fonner  saving  is  far  greater  than 
^  the  diflPerenoe  in  costs  of  right-of-way  and  property  damages  for  bridge  and 
tunnel  is  ever  like^  to  be;  hence  the  oondusion  is  reached  that,  for  the 
proposed  North  River  crossing,  it  la  not  only  better  from  every  point  of 
view,  but  also  mere  eeonamie  to  carry  automobile  traffic  by  a  bridge  and 
eleetrie  trains  by  sini^track  tunnels. 

The  question  arises  as  to  how  cheaply  there  could  be  built  at  present 
prices  a  oombination  of  bridge  and  tunnels  to  care  for  both  kinds  of  traffic. 
For  a  number  of  years  two  single-tnck  tubes  would  take  care  of  the 
eleotrio-railway  trains,  hence  the  oost  would  be  as  follows: 

Highway  Bridge   $32,500,000 

Two  Single-Tkack  Tunnels   7,500,000 


Total 


$40,000,000 
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CuAPTsa  VI 


If  it  wore  (loridod  that  n  hrid^o  having  a  t<ital  widtli  of  roatlwayn  of 
forty-four  (44)  fiH't  and  two  ('U'V('M-f<K)t  sidewalks  inside  the  trusses,  would 
suflfiee  for  iM)ssil)le  futiiic  coiKhtions  of  traffic,  the  amount  of  money  re- 
quire<l  for  the  coniljination  would  reduce  to  about  $li3,5(X),()00. 

It  must  not  he  forgotten  that  these  totals  do  not  iiK  hide  any  allowance 
for  right-of-way,  property  damages,  equipment,  or  adnunistration.  } 

In  conclusion  the  author  offers  the  suggestion  that,  in  view  of  the  facts 
presented  in  tliis  memoir,  it  iiii^ht  In-  advisahle  to  give  the  economics  of  the 
proposed  crossing  of  the  North  Hiver  st)nu'  further  stu<ly  before  finally 
comuiitUng  the  community  to  the  policy  tiuit  is  now  conteiupluteil. 

The  preceding  paper  was  delivered  to  the  American  Society  of  Civil 
Engineers  in  May,  1920,  was  accepted  by  the  Publication  Committee, 
and  was  printed  immediately,  advanoe  copies  of  it  being  distributed  for 
discussion.  It  was  dated  for  delivery  at  the  meeting  of  September  third; 
but,  upon  very  short  Dotioe,  its  reading  was  indefinitely  postponed.  The 
author  hopes  that,  in  the  interests  of  enidneering  economics,  this  injunc- 
tion against  a  thorough  discussion  of  an  important  engineering  problem 
of  great  magnitude  will  not  prove  to  be  permanent. 


For  about  thuty  years  there  has  been  discussed  In  the  public  prees  the 
proposed  construction  of  an  immense  bridge  across  the  North  River  to 
cany  aD  kinds  of  traffic,  inchidiog  steam-rulway  trains;  and  to-day  there 
is  serious  talk  of  materialinng  the  project  by  building  for  that  purpose  a 
structure  to  cost  two  hundred  millions  of  dollars.  In  the  author's  opinion, 
the  construction  of  a  high  bridge  over  the  Hudson  at  New  York  City  for  the 
purpose  of  transferring  freight  and  passenger  trains  would  involve  a 
serious  economic  blunder  from  the  engineering  standpoint.  His  reasons 
for  this  rather  drastic  and  sweeping  statement  are  as  follows: 

Firat,  It  would  cost  more  to  build  at  this  location  a  standard  lafl- 
way  bridge  carrying  n  tracks  than  it  would  to  oonstruct  n  single-track 
tunnels. 

Second,  The  right-of-way  and  property  damages  would  be  mudi 
greater  for  a  railway  bridge  than  for  the  corresponding  tunnds. 

Third,  The  cost  ci  operation  to  cover  rise  and  fall  is  twice  as  great 
iSor  the  bridge  as  for  the  tunnds. 

While  the  unnecessary  expenditure  of  a  large  sum  of  money  for  the 
construction  of  the  proposed  bridge  might  be  pardoned,  it  would  be 
exceedingly  uneconomic  to  saddle  for  centuries  to  come  upon  posterity 
a  finntitwa-l  burden  that  will  involve  nicdlcssly  lifting  and  lowering 
ninety  feet  a  load  of  two  tons  for  each  ton  of  freight  carried  across  the 
river. 
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COMPARATIVE  ECONOMICS  OF  UIQU-LEVEL  AND  LOW-LEVEL  CR088INQ8 

Thi;  tcriii  high-level  is  ai)pli<'(l  to  a  t^tructiirc  having  all  its  spans  fixed 
and  it.s  tiock  at  a  considerable  elevation  above  high-water  level;  but  the 
t<^nn  low-level  is  g<^nerally  interpn'ted  ;us  a])plying  to  stnietures  having 
one  or  more  movable  spans,  although,  strictly  s])eaking,  a  bridge  over  a 
non-navigable  stream  may  be  a  low-level  one  without  having  any  movable 
span. 

The  comparison  between  a  proposed  high-level  and  a  proposeil  low- 
level  crossing  for  any  stream  is  generally  more  dei>endent  u|>on  the 
condition  of  expediency  than  it  is  upon  that  of  economy.  Tin-  convenience 
of  the  ]nissengers  is  often  the  criterion  that  will  settle  th<'  (juestion;  but 
sometiuK's  convenieFice  has  to  be  ignored  l>ecaus(^  of  the  j)aranjount  con- 
dition of  first  cost.  Again,  the  comparison  will  dcju  nd  largely  upon  how 
much  higher  the  high-level  bridge  must  be  than  the  low-level  one,  and  upon 
the  height  and  slope  of  the  banks.  The  clear  channel  rec^uired  will  also  he 
of  some  importance,  the  wider  the  channel  the  greater  the  advantage  for 
the  high-level  bridge. 

SometimeB  in  a  long,  high-level  structure  with  only  one  channel  span 
required,  it  is  proeticable  to  build  all  the  others  on  grade  and  as  deck 
spans,  eoonomiiing  on  substructure  and  eliortening  the  approaches,  thus 
lowering  matflriaUy  the  total  cost  of  the  hifj^level  bridge. 

The  advantages  and  disadvantages  of  a  low-kvel  bridge  over  a  high- 
level  one  are  as  follows: 

Advantages 

a.    The  first  cost  is  almost  always  less. 

6.    The  costs  of  maintenance  and  repairs  are  leas. 

c.    The  ('lit ranee  and  exit  are  closer  to  the  river. 

d»    The  clinil)  is  less,  and,  therefore,  the  total  amount  of  power  of 

all  kinds  re(}uirc(l  for  the  clinil)  is  less, 
e.    The  time  spent  in  crossing  is  less. 

Disadvantages 

/.   Increased  annual  expense  dujB.  to.  the  several  items  of  cost  in 
connection  with  operating  the  movable  span. 
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g,  Intemiptions  to  travel  over  the  structure  from  opening  the 

movable  span. 

h,  A  somewhat  greater  obstruction  of  the  thoroughfare  in  respect 

to  vt^ssel  traffic  as  well  jus  to  the  passage  of  the  water,  in  case 
of  the  adoption  of  a  swing  span  with  its  protection. 

A  tiioroiigh  conaidenitioii  of  all  theee  oriteria  wOl  have  to  be  osade 
bef oie  a  logical  oonehukm  can  be  reached  aa  to  whidi  ^ype  of  liqmt  Ib 
preferable. 

The  correct  ratio  of  first  coets  for  a  low-level  bridge  and  a  hi^levdone 
of  the  same  oapaei^  and  Btrangth  at  any  proposed  croenng  mint,  of 
eoorw,  be  detannined  from  layoiitBy  oompatatk»B  ^ 
fttwi  eBtimateB  baaed  udoii  ourrent  orioeB  of  the  eaid  materialB  and  of  labor. 
It  k  BometiineB  neoenaiy,  however,  to  make  a  hurried  economie  oompari- 
aon;  and  aa  an  aid  in  so  doing  the  author  haa  eBtaMiahed  the  following 
reeults,  baaed  upon  nnrmmml  oonditiooa  that  mtsy  properly  be  deemed  aver- 
age or  nonnaL 

Let  118  HHWimft  a  doidble-track-rBilway  craning  of  a  river  like  the  Mia- 
■omi,  requiring  1,600  feet  of  main  spans  with  a  vertieal  clearance  of  50-feet 
above  high  water  for  passing  vooboId,  a  variation  of  twenly-five  feet  be- 
tween extreme  stages  of  water,  a  horisontal  bed-rock  76  feet  bdow  hi|^ 
water  devation,  one  bank  high  and  sloping  back  from  high-water  line  at  a 
ratio  of  three  horisontal  to  one  vertical  and  the  other  bank  level  and  very 
low;  and  let  the  approach  grades  be  one  per  cent.  Under  such  condi- 
tions the  deepest  water  will  nearly  always  be  found  comparatively  dose 
to  the  higher  bank,  and  the  position  of  channel  will  be  permanent;  oonse- 
quently  it  would  be  legitimate  to  employ  a  single  through  span  over  the 
second  ofx>ning  from  the  high-bank  end. 

With  certain  assumed  medium  unit  prices  for  materials  in  place,  the 
minimimi  costs  of  these  two  structures  proved  to  be  as  follows: 

Ix)w-Lcvel  Bridge  $l,2()4,()O0 

High-Ivcvcl  Bridge  $1,530,000 

The  ratio  of  these  costs  is  1 J27 

With  a  low,  flat  approach  on  each  side,  and  the  other  conditions  un- 
changed, it  would  \k-.  necessary  in  the  case  of  the  high-level  bridge  to  adopt 
a  level  grade  over  the  entire  river  so  a.s  to  provide  against  any  drastic  shift" 
ing  of  channel;  and  in  the  case  of  the  low-level  bridge  to  figure  on  being 
able  to  take  down  the  towers,  machinery',  and  house  and  shift  them  to  any 
one  of  the  other  openings.  Under  these  conditions  the  costs  of  the  two 
structures  proved  to  be  as  follows: 

Low-Level  Bridge  $1,256,000 

High-Level  Bridge  $2,604,000 

The  ratio  of  these  costs  is  2.06 
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For  one  of  the  author's  starulard-type  highway-bridf^es,  having;  four 
per  cent  grades  on  the  [approaches  and  sand  foundations  at  a  depth  of  125 
feet  below  high  water,  tlie  other  conditions  lacing  jis  previously  indicated 
for  the  crossing  with  one  high  and  one  low  bank,  the  estimated  costs  of 
structure  were  as  follows: 


The  niftao  of  these  ooets  is  0.99. 

For  the  layout  with  two  low  banks  the  costs  of  the  two  structures  were 
as  follows: 


The  ratio  of  these  eosts  is  1.14. 

The  main  reason  for  high-level  structures  costing  more  than  low-level 
ones  is  the  greater  lengths  and  costs  of  the  apj)roaches;  and  as  in  highway 
bridges  the  grades  thereon  are  much  8teei)er  than  on  railway  bridges,  their 
ratios  of  costs  of  high-level  and  low-level  structures  are  less. 

It  wiU  be  necessary  to  compute  carefully  for  each  type  the  total  annual 
ooets  of  maintenaDoe,  repairs,  sinking  fund,  and  operation,  capitalize  these 
totals,  and  add  the  results  to  the  estimatee  of  first  cost.  A  oomparison  of 
thsee  mmm  will  deteniiiiie  the>SiMificial  eeonomigi  dT  the  two  types  oom- 
pttred. 

To  he  strictly  aocurate»  however,  in  detennining  these  oomparing  figures, 
one  ehould  estimate  the  total  annual  eosts  of  all  kinds  of  power  e^Mnded 
in  dkdbing  the  approaches,  capitalin  these,  and  add  them  to  the  psevious 
sums  before  making  the  comparison;  but,  as  oonsiderBble  goooo  work 
would  be  involved  in  making  sueh  a  computation,  it  miglit  be  exact  enoui^ 
for  an  pnMitical  purposes  to  assume  that  the  total  annual  costs  of  power 
are  the  same  for  the  two  types  of  structure. 


Low-Level  Bridge. 
Hi^Levd  Bridge 


$1,386,000 
$1,871,000 


Low-Level  Bridge . 
High-Level  Bridge 


$1,426,000 
$1,623,000 
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CHAPTER  VIII 

COMPABATIVB  ECONOMICS  OF  STEEL  AND  REINFORCEI>-CONCB£TE 

STRUCTURES 

The  settlement  of  the  question  as  to  which  costs  more,  a  steel  bridge  or 
a  ninfomd-eooorete  one  of  the  SBine  eapad^,  is  a  difficult  task.  For 
struetiiras  of  ordmaiy  span-lengths,  under  nannal  oonditioiui  of  the  material 
market,  the  first  cost  id  the  steel  bridge  is  the  smaller,  but  when  the  price 
of  that  metal  takes  a  sadden  jump  the  reverse  is  true.  However,  in  a 
short  time  either  the  prices  of  oonerete  materiab  rise  to  correspond  or  else 
the  ooet  of  the  metal  gradually  drops  back  until  a  noimal  ratio  of  unit 
pnoes  for  bridge  materials  onoe  mcne  exisis. 

But^the  questioQ  of  the  eoonomics  of  the  two  tyjpm  m  not  settled  by  a 
oompaiiKm  of  first  costs  alooejlbecause  the  elements  off  maintenance  and 
repairs  must  be  considered;  and  these  are  nrach  greater  for  the  steel 
structure  than  for  the  reinforoednxmcrete  one.  The  latter  requires  no 
painting,  and  there  should  be  no  renewal  of  parts  called  for,  excepting  only 
the  pavements,  while  in  the  former  these  items  are  often  huge,  especially 
that  of  painting,  if  the  upkeep  be  properly  performed.^  It  is  neoessaiy, 
therefore,  to  capitalise  the  said  items  and  add  the  results  to  the  first  costs^ 
in  which  case  under  normal  conditions  there  is  geneni%  but  little  diflfer- 
enoe;  and  as  the  painting  of  steel  structures  is  very  likety  to  be  neglected 
and  the  metal,  in  ooosequenoe,  to  lose  its  normal  areas,  it  will  often  pay  to 
adopt  the  reinforoed-concrete  construction,  even  when  the  eoonomic  com- 
parison indicates  a  slight  disadvantage  by  so  doing. 

I  The  fact  that  the  annual  cost  of  maintenance  and  repairs  is  less  for 
reinforoed-concrete  bridges  than  for  steel  ones  tends  to  render  the  former 
the  more  popular^  especially  amongst  those  persons  who  do  not  make  a 
practice  of  comparing  values  strictly  upon  the  basis  of  the  principles  of 
true  economy.  Such  persons,  too,  are  prone  to  say  that  the  reinforced- 
oonerete  structure  is  superior  to  the  steel  one  because  of  its  longer  life, 
not  recognizing  the  facts  that  a  properly  designed,  built,  and  cared>for 
steel  bridge  will  do  its  work  for  a  very  long  term  of  years,  and  that  the 
longevity  of  reinforced-concrete  structures  as  yet  is  a  matter  of  surmise, 
in  view  of  the  uncertainty  about  the  efficiency  of  the  concrete  in  protect- 
ing the  reinforcing  steel  perpetually  against  nistinir — ^which,  if  allowed  to 
continue,  will  quickly  and  inevitably  disintegrate  the  said  concrete  and 
destroy  the  structure. 
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The  oomparison  of  the  types  is  oompliflsted  abo  hy  the  matter  of 
penonal  equatkm  in  fknagning;  fw,  with  the  most  elaborate  and  rigid 

specifications  ever  written,  two  computers  woridng  independently  on  the 
same  job  would  be  likely  to  vary  in  their  final  results  far  more  in  reinforced- 
eoncrete  work  than  they  would  in  stedwork.    This  is  duo  partially  to  the 

fact  that  the  science  of  rcinforced-ooncrete  bridge  deigning  is  newer  and 
less  highly  developed  than  that  of  proportioning  steel  bridges,  and  also 
because  in  the  former  type  equal  strength  can  be  secured  with  varying 
proportions  of  concrete  and  steel.  As  the  most  economical  proportions 
are  frequently  not  known,  it  is  evident  that  the  combined  costs  of  the  two 
materials  in  place  may  differ  appreciably*  Again,  in  arc  h  bridges  there  is 
often  a  choice  of  ratio  of  rise  to  span  or  even  of  span-lengths;  and  as  the 
effect  on  economics  by  variations  in  these  features  is  not  yet  determined 
with  accuracy,  the  final  estimates  of  cost  made  by  the  two  oomputen  are 
liable  to  he  still  more  widely  divergent  on  this  account. 

The  amount  of  attention  paid  to  a  sthetics  wlien  making  the  design 
gen(M'ally  affects  the  cost  of  a  concrete*  bridge  more  than  it  does  that  of  a 
steel  one;  lience  this  factor  has  to  be  given  consideration  when  contrasting 
the  two  types  in  respect  to  the  matter  of  economics.  ^ 

The  size  of  the  live  load,  too,  is  likely  to  affect  the  comparison,  l)ecau9e 
a  diminution  thereof  cuts  down  the  cost  of  a  steel  structure  much  more 
.than  it  does  that  of  a  concrete  one.  \ 

(For  short-span  bridges,  reinforced-concrete  has  an  advantage  over  steel 
in  respe<'t  to  rigidity  of  structure;  and  under  certain  conditions  such  an  *. 
advantage  may  be  of  importance,  but  ordinarily  it  is  not.  ;' 

There  is  another  complication  of  the  question,  which,  however,  ought 
not  to  b<'  allowed  to  exist,  viz.,  the  fact  that  many  small  reintoreed-concrete 
bridges  are  tiesigned  by  inexj>eriencetl  and  incompetent  computers,  wiu)  are 
hire<l  by  niunicipaUties  on  account  of  the  low  compensation  they  are 
willing  to  accept. 

I  Still  another  caust^  for  divergence  is  the  grtjat  variation  in  costs  of  exca- 
vation for  foundations  at  ilitTerent  localities.  This  affects  the  substructure 
costs  for  reinforced-concrete?  arch-l)ridges  far  more  than  it  does  those  for 
the  corresponding  steel  structures,  because  of  the  larger  footings  and  sliafts 
of  the  former. 

Is  it  then  impracticable  for  a  bridge  engineer  to  settle  quickly  the  com- 
parative economics  of  the  two  types  of  construction  for  a  proposed  bridge? 
Not  at  all — only  it  will  take  more  time  than  that  required  for  the  deter- 
mination of  most  of  the  economic  problems  dealt  with  in  this  treatise.  The 
method  to  be  followed  is  this:  Having  obtained  in  advance  all  the  unit 
prices  for  materials,  figure  the  cost  of  the  steel  structure  by  means  of  the 
diagrams  of  quantities  given  in  Chapters  LV  and  LVI  of  "  Bridge  Engineer- 
ing," then  find  that  for  the  reinforoed-conerete  bridge  by  employing  the 
ndes,  tables,  and  diagrams  given  foi^  that  purpose  in  (he  latt^  chapter, 
fixing  by  judgment,  whenever  necessary,  an  aflowaaoe  for  differenoe  in 
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costs  of  excavation.  As  explained  in  Chapter  XVII  of  this  work,  the  hibor 
involved  in  making  such  computations  as  the  above-mentioned  is  by  no 
means  onerous. 

The  greater  the  span-lencrths  which  are  necessitated  as  niininiuni  by  the 
conditions  of  the  crf)ssiiig,  the  more  favorable  is  it  to  the  steel  structure 
in  the  economic  comparison;  and  when  a  certain  span-length  has  been 
reachcil,  the  reinforced-concrete  structure  becomes  impracticable.  What 
this  limiting  span-length  is,  designers  have  not  yet  determined  with  gen- 
eral satisfaction;  but  the  author  is  of  the  opinion  that  it  is  not  very  far 
from  si»venty  (70)  feet  for  girders  and  three  hundred  (300)  feet  for  arches. 
While  it  is  practicable  to  build  reinforced-concrete  arch-spans  of  greater 
length  than  the  latter  figure,  much  trouble  would  be  involved  during  their 
erection  by  the  unequal  and  abnormally  great  settlement  of  the  falsework, 
which  settlement  tends  to  distort  the  arch  rings  and,  in  consequence,  to 
give  the  structure  an  unsightly  appearance.  Such  settlement  can  be 
reduced,  if  sufficient  care  be  taken;  but  an  excessive  amount  of  the  latter 
adds  to  the  time  required  for  fieldwoik  and,  consequently,  to  the  first  cost. 

In  general,  it  may  be  stated  tiiat  a  hii^level  araning  is  usually 
more  favorable  to  a  steel  stnieture  than  to  one  of  remforoed-oonorete,  as 
are  likewise  deep  foundatioiis  and  periknis  eraelaoa  oondhions;  also  that, 
otber  tbings  being  equal,  a  great  width  of  deck  genendly  militates  in  favor 
of  the  lanfofoed-oonerete  type  of  oonstniction;  as  do,  too,  the  remoteness 
of  the  site  from  the  source  of  the  struetmal-Btoel  supply  and  the  cheapness 
of  eommon  labor  available  for  fiddwork. 

• 

It  may  be  that  some  reader  of  this  chapter  win  dahn  that  it  is  rather 
indefinite  in  its  condusioas  and  deals  maSaafy  with  Ottering  generalitaes. 
Pbssibly  Ume  may  be  some  justioe  in  such  a  daim;  but  it  must  not  be 
f ovgoiten  that  the  economics  of  the  two  contrasted  types  of  faridies  is 
primarily  dependent  upon  such  ailntraiy  and  uncertain  eonditiiHis  as  the 
relative  prices  of  sted  and  cement,  the  availability  of  oonerete  aggragate, 
the  comparative  costs  of  high-grade  and  low-grade  labor,  and  the  distances 
of  the  bridge  site  from  the  various  sources  of  supplies.  This  fact  makes  it 
imposBible  to  come  to  any  fiiced  or  idiable  conclusion  ooneemmg  the 
relative  eopnoniies  of  sted  and  rdnforoed-oonorete  bridges. 
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CHAPTER  IX 

OOMPABATIVB  BOONOMIGB  OF  DUTEBENT  TTPBS  OF  OBDINABT  flTSZL 

8TBUCTUBS8 

Undkr  the  term  ofdinaiy  steel  Btnicturee  will  be  included  only  girder 
or  flimple-tniBB  fixed  epans  of  the  following  types: 

Dedc,  roUed-I-beam  spans. 

Deck,  plate-girder  spans. 

Half-through,  plate-girder  spans. 

Deck,  open-webbed,  riveted  spans. 

Throuf^,  riveted  spans. 

Deck,  pin-oonnected  spans. 

Through,  pin-oonneeted  spans. 
The  mnomics  of  aU  otiier  types  of  steel  bridges  will  be  treated  in 
other  cliapten. 

Roiiiia>-I-BEAM  Sfanb 

These  are  always  deck  Rtruoturcs  Ix^caiise  of  the  shortness  of  their 
limiting  lengths.  They  are  preferable  to  plate-girder  bridges  up  to  the 
limit  which  due  consideration  for  the  question  of  deflection  sets,  even  if  the 
economic  limit  for  weight  of  metal  \)c  exceciled.  This  is  because  of  their 
extreme  simpHcity  for  both  manufacture  and  erection,  and  also  at  most 
times  because  the  base  prices  for  rolled  I-beams  are  lower  than  those  for 
plates  and  light  shapes — besides  the  cost  of  shopwork  is  less,  owing  to  the 
small  amount  of  detailing  and  the  comparatively  few  rivets  that  have  to 
be  driven.  In  respect  to  the  economics  of  erection,  they  are  generally  buiH 
of  standard  lengths  and  siaes,  thus  pennitting  the  laiger  raifaoad  systems 
to  keep  a  supply  of  them  in  stock  to  be  used  for  emeigencieB.  Moreover, 
they  are  put  in  pbkoe  very  readily,  and  there  are  but  few  rivets  to  drive. 
Of  oouTBe,  plate-girder  spans  could  be  standardiied  and  employed  in  the 
same  manner,  but  not  quite  so  oonvenientty. 

F6r  Ofdinaiy  I'4)eams  the  longest  steamHwlway  spans  are  about  twenty 
(20)  feet  when  four  lines  of  stringers  per  track  are  adopted,  but  by  employ- 
ing the  thirty  (30)  inch  special  sections  of  the  Bethlehem  Steel  Company 
the  limit  can  be  inoreased  to  about  thirty  (80)  feet  for  fairly-heavy  engine> 
loads.  By  using  six  lines  of  beams  per  trade  the  timit  can  be  increased 
to  about  thirty-five  (36)  feel,  for  which  span  the  depth  is  only  one-foui^ 
teenth  (1/14)  of  the  length,  a  ratio  oommon  enough  in  England,  but  ob- 
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jected  to  by  most  American  nihray  engiiieeni  on  account  of  the  great  d»- 
fleetion  that  it  pennitB. 

* 

Dbck  Platb-Girder  Spans 

Although  platc-girdcrs  arc  of  ncceaaity  as  unscientific  structures  as  a 
bridge  specialist  ever  has  to  design,  they  arc  without  doubt  the  most  satis- 
factorv'  type  of  construction  possible  for  short  spans.  Their  superiority 
over  articulated  trusses  is  due  to  the  following  reasons: 

First.  Owing  to  their  compactneas  th^  better  resist  shock  and  check 
vibration. 

S('cofi/i.  They  have  fewer  crit  ical  points  where  overstreas  is  likely  to 
exist  Ix^causc  of  faults  of  either  designing  or  workmanship. 

Third.  A  number  of  loose  rivets  lying  close  together  will  do  far  less 
hann  in  a  plate-^;inler  than  in  an  o|x*n-weblx^d  one. 

Fourth.    Thv  cost  of  manufacture  |K^r  pound  of  metal  is  a  little  less. 

Fifth.  Owing  to  the  steady  demand  for  plate-girder  stmetures  and 
the  comparatively  small  number  of  the  sections  of  metal  used  in 
their  manufacture,  it  is  eiusy  to  obtain  quickly  the  materials  required; 
and  the  work  on  the  !uetal  is  of  a  simple  chanicter.  For  these  rea.sons 
plate-girder  spans  can  generally  be  purchased  with  less  delay  than  open* 
webbed  girdei-s. 

Sixth.  The  cost  per  pound  for  erection  is  decidedly  less,  excepting 
where  the  conditions  are  unusual,  and  the  cost  of  pamtmg  is  comparatively 
small. 

Sirrnth.  They  can  be  overstressed  without  danger  much  higiicr 
than  oiM»n-webb(>d  girders. 

Kighth.  They  are  les8  Uable  to  injury  by  accident  than  articulated 
trusses. 

NiTiih.  They  are  more  easily  painted,  and  arc  more  aceessible  to 
examination  for  rust. 

Tenth.  The  cost  of  maintenance  is  less,  owing  to  the  absence  of  small 
parts  and  details  that  might  work  loose  under  traffic. 

The  ordinary  limit  of  length  of  plate-girder  spans  is  about  one  hundred 
(100)  feet,  but  that  limit  has  often  been  surpassed  by  twenty-five  (25)  or 
thirty  (30)  per  cent  for  simple  spans  and  by  much  more  for  siring  spans. 
Usually  it  is  the  difficult  in  shipping  very  long  plate-girders  from  bridge 
shop  to  site  that  determines  the  superior  Ihnit  of  such  spans.  The  loading 
of  long  girders  on  cars  for  shipment  is  quite  an  art,  and  it  should  be  en- 
trusted only  to  men  experienced  In  such  loadings;  for,  otherwise,  the  metal 
is  liable  to  be  injured  in  transit  or  the  can  to  break  down,  or  some  other 
trouble  is  likely  to  happen  before  they  reach  their  destination.  Some  en- 
gtneeEB  believe  that  the  liability  to  injury  of  long  plate-girdera  in  shop, 
transit,  and  field  should  limit  their  length  to  one  hundred  (100)  feet;  but 
the  author  is  not  of  this  opinion,  for  he  thinks  that  1^  taking  proper  pre- 
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eautknis  tbe  danger  can  be  pretty  near^  eUminated.  About  as  long  a 
plate-girder  as  has  ever  been  sliipped  in  one  piece  was  one  of  one  hundred 
and  thirty-two  (132)  feet.  It  required  four  flat-cam  to  transport  it. 
Longer  plateipider  spans  than  this  have  been  built,  notably  tubular 
bridges  and  swing  spans,  but  they  were  shipped  in  parts  and  assembled 
at  site.  This  expedient  for  simide  spans  is  roilly  permissible  only  in  case 
of  bridges  to  be  sent  to  f orugn  eountiries,  and  it  is  to  be  avoided  if  possible 
even  then,  because  it  is  sometimes  difficult  to  obtain  a  satisf aetovy  job  of 
fidd-rivetmg  when  making  the  BfhooB,  although  the  use  of  pneumatic 
riveters  tends  to  reduce  materia%  the  force  of  this  ol^jeetion. 

As  far  as  economics  is  concerned,  it  may  be  stated  that,  if  deok  i^te- 
girders  aie  feasible  for  any  opening,  they  are  more  economieal  than  truss 
spans  up  to  a  length  that  is  prohibitoty  for  shipment.  As  the  depth  of  a 
very  long  pbte-^rder  is  generaltsr  from  one4enth  (1/10)  to  one4wielfth 
(1/12)  of  the  span,  the  reqiiiiemente  of  underneath  clearance  often  bar 
out  deck  idate-girders  and  necessitate  either  baH-through  pbte-girdere  or 
through  trusses. 

Again,  the  great  depth  required  for  very  long  plate  girder  spans  often 

sets  the  limit  for  span-length  because  of  shipping  requirements.  Some 
railroads  have  tunnels  and  overhead  croesingB  which  are  lower  than  cus- 
tom is  now  requiring;  and  very  deep  girders  loaded  on  flat-cars  m^t  not 
be  able  to  pass— nor  could  such  girders  be  placed  flat,  because  then  the 
horiiontal  clearance  would  be  encroached  upon. 

Halp-Thbough  Plate  Qibdeb-Spans 

The  economic  limit  of  length  for  this  type  of  structure  is  materially 
less  than  that  of  the  type  just  tn^atcd,  beciiuso  of  the  necessity  for  using  a 
steel  fl(X)r.  On  this  account  it  has  not  the  advantage  over  the  through- 
truss  bridge  which  the  deck-plate  girder  structure  possesses.  For  a  length 
of  one  hiuulred  (100)  feet  the  weight  of  metal  in  the  latter  type  exceeds 
that  in  the  former,  by  from  five  (5)  to  fifteen  (15)  per  cent,  the  smaller  figure 
being  for  the  lightest  live-loads  and  the  larger  for  the  heaviest.  Of  course, 
the  cheajx^r  metal  of  the  plate-girder  would  tend  to  offset  its  greater 
weight,  but,  in  order  to  make  the  costs  of  the  two  ItXMt.  steani-railway- 
bridge  sjians  the  siiine,  the  ratio  of  pound  prices  for  metal  erected  in  the 
girders  and  trusses  themselves  would  have  to  be  from  1.1  to  l.'S — a  condi- 
tion of  market  that  is  unusual.  But  as,  for  various  good  rejusons,  it  hardly 
seems  advisable  to  build  through,  steam-railway  s]xins  siiorter  than  one 
hundred  (100)  feet,  it  is  well  to  adopt  this  length  as  the  su]>erior  limit  for 
half-through  plate-girders  and  deck  plate-girders  in  stamlanl  railway 
bridges.  For  electric-railway  bridges  and  highway  bridges,  this  limit 
might  advautageouaiy  be  reduced  to  about  seventy-five  (75)  feet. 
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Deck,  Opsn-Wsbbsd,  Rivstbd  Spans 

Somn  engineers  entertain  the  notion  that  for  short  deck-spans  an  econ- 
omy can  be  effected  by  using  open-webbed  girders  instead  of  plate-girders. 
If  there  he  no  objection  to  increasing  the  depth  considerably,  some  metal 
can  be  saved  in  this  way;  but,  if  the  same  depth  must  be  employed  for 
both  t>TX3.s,  there  is  but  Httle,  if  any,  saving  in  weight,  provided  that  the 
detailing  l)o  tlone  projxjrly — besides  the  pound  price  of  the  manufactured 
steel  is  a  trifle  greater  for  the  ojxMi-webted  structure. 

Some  years  ago  there  were  designed  for  a  transcontinent^il  line  a  number 
of  plate-lattice-girder  spans.  Their  raison  d'etre  was  supposed  to  be 
primarily  their  ability  i-o  pass  water  through  them  when  submerged,  but 
secondarily,  economy.  The  designer  claimed  that  they  effected  a  saving 
of  metal  amounting  to  about  fifteen  hundred  (1500)  pounds  for  an  eighty 
(80)  foot,  singk^-track  span,  and  that  the  pound  price  for  their  manufac- 
ture wa.s  IK)  greater  than  that  for  ordinary  plate-girder  work.  The  author 
once  used  plate-lattice  girders  for  the  cross-girders  of  the  Union  Loop 
Elevated  Railroad  of  Chicago,  but  his  object  was  simply  to  evade  a  trouble- 
some clause  in  the  city  ordinance.  The  webs  of  these  cross-girders  were 
solid  near  mid-span  and  at  the  ends,  and  were  open  near  the  quarter  points, 
while  those  of  llie  railroad  girders  previouBly  mentioned  were  solid  at  the 
ends  and  open  over  more  than  the  middle  half  of  the  total  length.  As 
far  as  the  axrthor'B  esperience  goes,  it  takes  just  as  mueh  metal  to  buiid  the 
ynUrn  open,  and  the  pound  prioe  for  the  finished  metal  is  a  trifle  greater 
than  it  is  for  ordinaiy  plate^^girder  ooDstmetioB.  The  fact  that  this  ssme 
Fsilroady  when  drawing  up  a  set  of  standard  plans  a  few  yeara  later,  dis- 
earded  the  plate4at<aoe  guders  is  a  pretty  sure  Indieatioti  that  the  advan- 
tages claimed  for  them  were  more  imaginaiy  than  reaL  Itistrue^of  oourse, 
that  in  ease  of  submeigenoe  they  would  pass  a  eertaan  amount  of  water 
through  their  webs;  but  it  is  sddom  that  a  railroad  oompaiqr  will  build 
a  bridge  of  any  kind  so  dose  to  the  hic^water  mark  as  to  run  any  risk  of 
its  being  sul|pietged. 

In  respect  to  the  economics  of  dedc  and  through  riveted  spans,  it  may 
be  stated  as  a  general  proposition  that,  although  the  fonner  sometimes 
require  more  metal  than  the  latter,  they  effect  a  great  saving  in  tho  cost  of 
the  piers,  and  henoe  are  to  be  adopted  whenever  pewnissiWe.  Deck  qians 
are  cheaper  fMTse  when  the  ties  can  rest  on  the  chords.  This  arrsngement 
works  wen  with  double-track  bridges  having  trusses  spaeed  about  twenty 
feet  centers  with  two  lines  of  stringers. 

The  question  of  the  comparative  economics  of  pin-connected  and  riveted 
spans  is  treated  at  length  in  the  next  chapter. 

In  respect  to  the  comparative  economics  of  the  Yarions  kinds  of  trusses, 
it  might  be  stated  that  a  ver\'  few  of  them  have  stood  the  test  of  time,  all 
freak  and  expensive  styles  having  been  discarded,  the  only  types  used 
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today  being  the  Pratt,  Petit,  Triangular  (both  ainipKe  and  flub-divided  and 
including  the  Warren),  and  K  trusses. 

Comparing  Pratt  and  Petit  truss-spans,  for  which  there  is  no  difference 
worth  mentioning  in  the  pound  prices  of  the  metal,  the  weights  per  foot  (and 
therefore  the  costs)  are  alike  for  single-track  spans  of  three  hundred  (300) 
feet,  and  for  double-track  spans  of  three  hundred  and  fifty  (350)  feet;  but 
both  constructive  and  aesthetic  reasons  generally  necessitate  limiting  the 
lengths  of  Fxatt  trusses  to  about  three  hundred  and  twenty-five  (325) 
feet. 

In  respect  to  the  comparative  economics  of  the  Pratt  and  Triangular 
trusses,  there  seems  to  be  a  difference  of  opinion  amongst  bridge  engineers. 
The  author  has  founci  very  little  variation  in  their  total  weight^s  of  metal, 
with  occasionally  a  slight  economy  in  favor  of  the  Triangular  truss. 
That  truss  has  the  practical  advantage  that  changes  in  chord  stresses 
occur  at  only  evcr\'  other  panel  point.  This  often  makes  it  possible 
to  section  the  chords  more  economically. 

As  explained  at  length  in  Chapter  XI,  for  continuous  trusses  of  very 
long  span,  the  Triangular  truss  has  quite  an  advantage  over  the  Petit 
truss. 

The  K  truss  is  apjilicable  for  long  spans  only,  imd,  therefore,  is  in  com- 
petition with  the  Petit  truss  and  not  with  the  Pratt.  Its  principal  claim 
for  economy  lies  in  ea-ne  and  simplicity  of  erection,  but  it  also  has  a  tendency 
to  reduce  the  high  secondary  stresses  inherent  in  the  Petit  type.  It  was 
employed  to  advantage  in  the  design  of  the  great  Quebec  cantilever  bridge. 

The  statements  made  in  this  chapter  apply  mainly  to  railway  bridges 
and  heavy  highway  structures.  For  Ught  highway  bridges  some  of  them 
might  require  a  flight  modihcation. 
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CHAPTER  X 

OOMPAHATIVE  ECONOMICS  OF  RIVETED  AND  FIN-CONNECTED  BRIDQES 

For  at  least  a  dozen  years  near  the  close  of  the  last  century  tliere  was 
waged  in  the  technical  press  and  orally  when  bridge  engineers  met  (espe- 
cially if  there  were  both  Europeans  and  Americans  ])resent)  a  war  of  words 
concerning  the  relative  merits  of  riveted  and  pin-connecte<l  bridges;  l)ut 
all  arguments  that  were  advanced  failed  t^)  solve  the  dis])uted  (|U(\stion. 
Time  and  the  steady  deveiojnnent  of  the  real  science  of  bridge  designing, 
however,  gradually  brought  about  changes  of  opinion  among  the  leaders 
in  that  specialty;  and  the  matter  was  finally  settled  upon  a  compromise 
basis. 

The  advocates  of  riveted  structures  used  to  claim  greater  rigidity  and 
an  increased  chance  for  safe  passage  by  a  derailed  train,  while  the  endorsers 
of  pin-conn€!Cted  construction  used  to  rest  their  case  mainly  upon  the  theo- 
reti«a]fy-<sOrreet  distribution  of  stresses  by  articulated  joints  and  the 
smaller  amount  of  metal  needed  for  building.  It  is  true  that  there  was  then 
B  wide  divergence  in  the  weiglhts  of  metal  required  for  oonstnicttng  riveted 
and  pin-oonnected  bridges  to  carry  tiie  same  five  loads;  and  for  this  there 
were  two  salient  reasons.  Firat,  the  riveted  structures  were  of  the  lattice- 
girder  type,  having  two,  three,  or  even  four  systems  of  triangulation,  thus 
involving  much  idle  or  superfluous  metal  in  the  main  members  of  the  web 
and  even  nune  in  the  numerous  connecting  plates  and  fillers;  and,  second, 
the  pin-connected  structures  were  proportioned  essentiaUy  for  the  theo- 
reticMd  stress-requirements,  irreqwetive  of  proper  minhnum  sections,  thus 
cutting  the  weight  of  metal  down  to  an  absolute  minimum. 

Gradua%,  though,  these  two  types  approached  each  other  in  weight, 
the  lattice-trusses  being  abandoned  for  the  riveted  single-intersection  types, 
such  as  the  Warren  and  the  Pratt,  and  experience  in  operation  showing  in 
pin-connected  trusses  the  necessity  for  stiffening  the  abnonnally-light 
members  so  as  to  increase  the  rigidity  and  check  the  vibration.  Today 
good  designers  of  riveted  structures  intersect  all  the  axial  lines  of  main 
members  at  panel  points  just  as  carefully  as  do  the  designers  of  inn-ccm- 
nected  structures;  and,  hence,  the  prime  objection  to  the  former  type, 
vis.,  its  unscientific  intersection  of  symmetry  Unes,  vanishes  in  Mo,  It  is 
true,  though,  that  there  remain  the  unavoidable  secondaiy  stresses,  but 
these  exist  also  to  a  small  degree  in  pin-connected  bridges  because  of  the 
friction  of  the  pins  in  their  holes  and  the  conse(iuent  faUure  of  the  joints  to 
function  as  actual  articulations.  The  onpbyment  of  Qre-bare  certainljr, 
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euts  down  the  quantity  of  metal,  because,  in  the  members  iHwie  they  are 
W»df  the  weight  of  steel  for  lx)th  main  sections  and  details  is  an  absolute 
minimum;  and,  in  general,  pins  wcigli  less  than  connecting  plates.  Whether 
secondary  stresses  receive  proper  consideration  or  not,  a  pin-connected 
bridge  is  somewhat  lighter  tlrnn  the  corresponding  riveted  one,  and  ther^ 
fore  ought  to  be  less  expensive.  It  is  ti  iic  that  the  fine  shopwork  requisite 
for  the  proper  manufacture  of  pins  and  for  the  drilling  of  pin-holes  makes 
the  pound  price  for  fabrication  greater  in  the  pin-connected  structure;  but 
this  is  offset  more  or  less  by  it*  lower  pound  cost  for  erect  ion,  owing  to  the 
smaller  number  of  field  rivets  to  be  driven,  the  short^T  time  required  to 
make  safe  against  loss  of  span  by  washout  of  falsework,  and  the  reduction 
in  overhead  expense  etTected  by  minimizing  the  time  for  field  ojx^ations. 

From  a  study  of  the  diagrams  of  weights  of  metal  per  lineal  foot  of 
span,  for  pin-connected  and  riveted-truss  bridges  given  in  Chapter  LV 
of  "  Bridge  Engineering,"  it  is  found  that  the  weights  of  the  latter 
exceed  those  of  the  iormer  by  the  following  percentages: 

SncFLB  Spans 
fl|Mui  LBBgUis  BBraentaflB  of  ImnMB 

aocK  4 

SOO'  $ 

4xxy  6 

500'  8 
600'  11 
TOO'  14 


Ganhlivsb  Spams 

Main  Openings  Fercenta^  of  Increase 

aoo'  6 

1000'  9 
1400'  13 


It  HI  seen  from  theee  tables  that  the  peroentaee  of  saving  by  using  pin- 
oonnectioDB  inereafles  gradually  wHh  the  qwn-length.  This  k  because  of 
the  effect  of  the  reduced  dead-loada. 

Notwithstanding  the  fact  that  pin-oonnected-truai  bridges  are  Bame- 
wfaat  lighter,  and  possibly  somewhat  cheaper,  than  the  corresponding 
riveted-truss  bridges,  the  latter  are  decidedly  preferable  tor  all  short  or 
medhmt-kngth  spans  of  railway  structures  (both  steam  and  electric); 
because  in  short,  pin-oonnected  spans  the  vibration  from  rapidly-pasBing 
loads  is  BO  great  that  the  motion  of  the  eyes  on  the  pins  causes  such  a  grind- 
ing  of  both  that  eventually  the  structure  has  to  be  replaced  on  that  account. 
This  was  shown  long  ago  to  be  the  case  in  pioHHinneGted  elevated  laOroads; 
and  lately  it  has  been  found  necessary  to  replace  pins  in  a  number  of  rail- 
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road  bridges.  The  author  saw  an  elevated  railroad  in  Kansas  City  re-' 
moved  practically  for  this  cause  alone,  the  pins  having  been  cut  into  and 
the  eyes  elongated  iis  nuich  as  an  eighth  of  an  inch.  In  the  author's 
opinion,  a  steam-railroad-bridge  span  should  be  pretty  long  before  pin- 
connections  are  resorted  to — say  500  feet  for  simple  spans  and  900  feet  for 
the  main  openings  of  cantilevers;  but  for  highway  and  electric-railway 
bridges  these  lengths  may  be  cut  down  from  twenty-five  to  thirty-five 
per  cent.  The  point  is  one  to  be  settled  by  individual  judgment  ba.sed  uj>on 
experience — not  prejudice.  The  size  of  the  appropriation  available  for 
construction  may  quite  legitimately  U'  u  ruling  factor  in  making  the  deci- 
sion, because  a  pin-connected  highway  s])an  of  five  hundreil,  or  even  four 
hundred  feet,  does  not  make  a  bad  bridge;  although,  if  the  traffic  Ix'  great, 
such  a  structure  certainly  is  inferior  to  a  riveted  one,  in  that  it  will  vibrate 
more  and  will  jwssibly  be  shorter  Uved.  But  if  the  five  load  assumed  for 
the  designing  be  never  greatly  exceeded,  and  if  t  he  structure  be  always  kept 
properly  painted,  it  would  probably  re<juire  more  than  a  centuiy  of  uae  to 
•   wear  the  pins  and  pin  holes  to  any  dangerous  extent. 

The  discover^"  of  a  high-alloy  of  steel  that  can  be  manufactured  at  rea- 
sonable cost,  and  the  development  of  a  satisfactory  and  absolut/cly-reliable 
method  of  heat  treatment  thereof  for  eye-bars  may  bring  the  pin-connected 
structure  once  more  into  vogue;  but  it  will  be  for  long  spams  only,  and 
preferably  for  highway  structures. 
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COMPARATIVE  ECONO&aCS  OF  C0NTXNUOX7B  AND  NON-CONnNUOUB  TBU88BB 

This  chapter  is  mainly  a  reproduction  of  a  joint  paper  by  Mr.  H.  Mai- 
eolm  FrioBl  and  the  author,  lately  prooonted  to  the  Enginewng*  Society  of 
WeBtem  Pennsylvania. 

For  many  years  past  bridfe  engineeiB  have  held  differing  opimons  oon- 
eerning  the  advantages  of  continuous  trusses  as  compared  with  the  oof- 
nspondiog  non-eontinuotiB  ooea.  Some  daimed  a  great  saving  in  weight 
of  metal  from  continuity  while  others  f eh  sure  there  was  none.  The  author 
had  been  under  the  imprassion  that  the  advantage  dahned  for  the  oontin- 
uoos  truss  was  maiidy  due  to  the  ignoring  of  the  effect  of  leversin^ 
and,  as  will  be  seen  later,  in  this  o|unioii  he  was  part^  ric^t  and  partly 
wrong. 

Under  certain  conditions  it  is  not  bad  practice  to  use  continuous 
tnwesy  and  under  others  it  is,  irrespective  of  the  questioii  of  economics. 
When  the  foundations  of  the  piers  are  solid  rook  or  other  very  hard  material, 
continui^  is  pennissible;  but  when  they  are  pOes  or  comparatively  solt 
material  without  piles,  it  is  better  to  forego  any  possible  saving  of  metal 
rather  than  to  run  the  risk  of  unequal  settlement  of  pien  and  the  eooae- 
quent  upsetting  of  stress  distribution  throughout  the  trusses  from  end 
to  end  of  structure. 

The  most  notaUe  fFywipla  of  continuous  trusses  in  America,  or,  as  far 
as  the  author  knows,  an>'where  else  in  the  worid,  is  the  Sciotoville  Bridge 
over  the  Ohio  River  on  the  line  of  the  Chesapeake  and  Ohio  Northern  Rail* 
road.  At  this  location  continuous  trusses  were  pennissible,  for  the  reason 
that  the  pier  foundations  are  solid  rock  at  no  great  below  the  bed 

ol  the  stream.  That  structure  consists  of  two  continuous,  double-track- 
railway  spans  of  77a  fvot  each.  It  was  denignfid  and  engineered  by  Dr. 
Gustav  lindenthal.  Consulting  Engineer,  and  was  completed  in  1917. 

Desiring  to  have  this  comparison  of  weights  of  metal  for  continuous 
trusses  conform  as  closely  as  possible  with  actual  conditions,  the  author 
assumed  the  outlines  of  the  Sciotoville  structure,  and  contrasted  it  with  a 
bridge  of  two  simple  spans,  each  made  five  (5)  feet  shorter,  ^  as  to  allow  for 
the  distance  between  centers  of  ptnlestals  on  the  middle  pier,  using  prac- 
tically the  same  panel-lengths  as  those  of  the  Sciotoville  Bridge  and  eco- 
nomic truss-depths  for  t  he  simple  spans  based  upon  the  information  given 
in  "Bridge  Engineering." 
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These  two  layouts  are  shown  in  Figs.  1  la  and  lliw 


The  first  faeries  of  computations  was  made  upon  the  basis  of  adopting 
the  Petit -truss  type;  anti  tliere  was  assumed  a  unit  load  of  l.()(K).(MK)  lbs. 
ap{)lie(l  at  one  panel  point  at  a  time,  the  stresses  therefrom  being  found 
lor  each  main  member  of  each  span  affected  by  the  loading.  These 
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Biiwcs  were  summed  up  for  greatest  teliaion  and  greatest  oomprossUm  on 
each  piece,  in  order  to  deteimine  by  slide  rule  the  live  load  stresses.  The 
Ihre  load  asBunied  for  eadi  trade  was  the  author's  Class  60  loading. 

In  order  to  save  time  and  labor,  a  constant  percentage  for  impact  was 
included  in  the  liye  load  itself  instead  ci  varying  the  percentage  amounts 
to  be  added  to  the  live-load  stmuscu  in  the  (Uffereni  web  membem.  This 
approximation,  of  course,  caused  certain  enorB  in  web  stresses;  bat  their 
effects  on  the'two  contrasted  types  of  structure  were  praetioally  aBke,  andy 
therefore,  did  not  affect  the  correctness  of  the  comparison.  The  reactionB 
for  concentrated  loads'  in  the  eontinuous-truss  structure  were  obtained 
by  the  Theorem  of  Three  Moments.  No  attempt  was  made  to  coneet 
later  the  stresses  thus  found  by  the  moie  exact  method  of  least  work; 
for  the  reactions  obtained  in  that  manner  by  the  designers  of  the  SciotoviUe 
Bridge  indicated  that  the  difference  in  total  weight  of  metal  caused  thereby 
was  trifling. 

The  finding  of  the  Hve-Ioad  stresses  was  a  comparative^  simple  matter, 
but  the  deteimining  of  the  dead-load  stresses  was  much  more  arduous, 
because  sometimes  the  correct  distribution  of  the  metal  between  the  var^ 
ous  panel-points  was  not  ascertained  until  the  third  trial.  No  attention 
was  paid  to  wind  t^t  resses;  because,  in  double-t nu  k  railway-bridges  of  long 
span  and  heav}^  Uve-loading,  the  excess  intenaities  of  working  stresses 
allowed  in  modern  bridge  specifications  for  combinations  of  wind  stresses 
and  other  stresses  result  in  rendering  wind  stresses  in  the  trusses  entirely 
n^ligible. 

After  the  live-load  stresses  and  the  deatl-load  stresses  for  lx)th  the 
continuous  and  the  non-continuous  spans  had  been  eoniputed,  they  were 
combined,  and  the  niaxinnnn  stress  on  eaeh  pieee'  for  both  tension  and 
compression  wa.s  recorded.  Then  the  sectional  areas  were  deternuned  by 
the  s])eeifieations  of  Cliapter  LXXVIII  of  "Bridge  Engineering,"  ignoring, 
however,  all  effects  of  reversion;  after  which  the  total  weights  of  metal  in 
main  niendM>rs  w<'re  hguicd  for  l>otli  layouts,  and  to  theni  were  added  the 
]iroj>er  percentages  to  cover  weights  of  details,  thus  giving  the  comparing 
weights  of  metal  for  the  two  types  of  structure  vuider  consideration.  Much 
to  the  author's  .'surprise,  the  w<'ighls  thus  found  were  .so  nearly  alike  that 
their  difference  amounted  to  a  small  |x>rtion  of  one  per  cent — so  suialli  in 
fact,  as  to  be  nejdiiiible. 

It  had  been  intended  to  make  an  entirely  new  set  of  .sectional  areas  and 
compute,  the  resulting  weights  of  metal  for  botii  types  on  the  ba.sis  of 
caring  for  reversing  .stresses  in  accordance  with  the  method  provided  in  the 
before-mentioned  sixM'ificutions;  but  this  was  found  to  l)e  unnecessary, 
becaus(^  members  in  which  reversion  occurred  were  verv  few,  and  Iwth  the 
direct  and  the  indirect  effects  thereof  were  readil}^  determined.  By  "in- 
direct" effect  is  meant  in  this  cji.si»  the  increase  in  weight  of  metal  due  to 
augmentation  of  dead  load  causetl  by  provision  for  reversal.  Here  again 
was  a  surprise,  for  tlie  effects  on  the  two  types  were  exactly  alike.  These 
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computations  showed  that,  for  long-span,  double-track,  steani-railway 
brid^;p8  of  the  Petit-truss  tyjio,  there  is  no  economy  of  metal  whatsoever  in 
making  adjacent  spans  continuous  over  the  piers,  and  that  the  matter  of 
caring  for  or  ignoring  the  effects  of  reversing  stresses  does  not  in  any  way 
influence  the  economics. 

These  results  were  so  decided  and  the  coincidence  of  weights  was  so 
exact  that  at  first  the  author  thought  the  entire  quet^tion  was  settled;  but 
it  was  suggested  by  Mr.  Shortridge  Hardesty,  his  principal  designing 
engineer,  that,  if  the  divided-triangular  truss  adopted  for  the  Sciotoville 
Bridge  were  investigated,  a  different  result  might  be  found;  and  it  was 
decided  to  make  the  test.  The  layouts  of  trusses  for  the  new  comparison 
are  shown  in  Figs.  11c  and  lid.  The  computations  were  all  prepared  ex- 
actly as  before,  and  it  was  found  necessary  to  make  two  sets  of  figures  for 
the  continuous-truss  layout  before  the  correct  dead  load  was  determined. 
The  findings  of  this  second  set  of  computations  were  as  follows: 

In  the  simple-truss  spans  the  weights  of  metal  for  the  divided-triangular 
and  the  Petit  types  were  nearly  aUke,  the  shght  difference  which  there  was 
being  in  favor  of  the  former;  and  the  continuous-truss  type  showed  a  gain 
ctf  twelve  per  cent  over  the  non-continuous  type  when  reversion  was 
ignored  and  e]0?en  per  oent  when  it  was  properly  provided  for. 

The  compfutatioo8  made  up  to  this  stage  of  the  investigatiaii  aettled  the 
eeoDomioe  for  long-span,  steam-iallwsy  bridges;  but  it  was  seen  by  a 
prwri  leasonuig  that  the  nsutts  would  probably  be  somewhat  diffefent  for 
standard  highway  Inidges,  ooosequent^  it  was  deelded  to  repeat  the  eal- 
eolatioDs  for  the  latter  structures.  To  this  end  the  total  loadings  .  (i.e., 
liYe  load  phis  dead  load)  were  retained,  but  a  di^lferent  division  thereof  was 
made  by  diminiHhing  the  live  loads  and  Increasing  the  dead  loads,  so  as  to 
correspond,  as  neariy  as  may  be,  with  the  ratios  of  those  loads  m  modem 
highway  bridges  having  a  paved  roadway,  rdnforoed-concrete  base  slab, 
and  reinforoed-granitold  sidewalks  for  the  flpan4ength  under  con- 
sideration. 

The  result  of  this  third  set  of  computations  showed  that  for  the  divided- 
triangular-trusB  layout  there  was  an  economy  of  twenty-^wo  per  cent  in 
favor  of  the  continuous  trasees,  and  that  reversing  stresses  affected  very 
fSew  membera  and  those  so  slightly  that  the  influence  of  reversion  could  be 
completely  ignored.  It  was  not  thoui^t  worth  while  to  repeat  these  higi^ 
way-bridge  calculations  for  the  Petit-truss  layouts. 

The  computatioDS  made  thus  far  settled  the  comparative  economics  of 
continuous  and  non-continuous  trusses  for  long-span  bridges,  both  railway 
and  highway,  also  those  of  the  Petit  and  the  divided-triangular  trusses  for 
such  structures;  but  it  could  not  properly  be  assumed*that  what  was  found 
to  be  true  for  long  spans  would  apply  also  to  short  ones,  consequently  it 
was  decided  to  make  a  new  set  of  computations  for  comparatively-sh<Nrt- 
span  layouts  for  steam-railway  bridges  of  both  the  divided-triangular  truss 
Mid  the  Pratt-tnisB  types. 
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By  reducing  all  the  truss  dimensions  t^  one  half,  it  was  practicable  to 
employ  without  change  the  previoualy-deteniuned  index  straowB  (thoee 


I 


^2 


found  from  asBumed  unit  loadings),  and  thus  the  labor  erf  figuring 
greatly  reduced.   As  before,  the  dead-load  stress-computations  were 
lepeatod  until  the  nwrnimed  and  the  resulting  dead  loads  at  the  different 
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panel  points  were  in  elose  agreement.  The  results  of  this  fourth  set  of  cal- 
culations were  ;is  follows: 

The  divideil-triangular-truss  figures  indicated  a  gain  of  seven  per  cent 
for  the  continuous-truss  layout  over  the  non-continuous  one  when  reversing 
stresses  were  ignored  and  no  gain  at  all  bid  simply  a  stand-oJJ  when  they  were 
properly  provided  for.  But,  when  the  Pratt-truss  wa.s  employed,  the  non- 
continuous-truss  layout  showed  a  gain  of  two  jx  i  cent  over  the  continuous- 
truss  one  wiien  reversing  stresses  were  ignored  and  hve  per  cent  when  they 
were  properly  provided  for. 

The  said  results  also  indicated  for  short,  sinij)le-tni88  spans  that,  when 
reversals  are  ignored,  there  is  no  difference  in  weight  of  metal  between 
steam-railroad  l)ridges  of  the  Pratt-trus.s  and  the  divided-triangular-truss 
typos;  but  that,  when  reversals  are  properly  provided  for,  the  latter  has 
an  advantage  of  five  jkt  cent. 

It  was  not  deemed  worth  while  to  com])ute  the  economics  for  highway 
bridges  of  sliort  spans;  but  it  might  Ix?  inferred  by  a  priori  reasoning,  based 
on  the  i)receding  results,  that,  in  the  case  of  the  divided-t  riangular  trussing, 
the  continuous  spiins  would  have  an  athantage  of  thirteen  per  cent  when 
reversals  are  ignored  and  twelve  ]wr  cent  wiicn  they  are  properly  careil  for — 
also  that  in  the  ca.se  of  the  Pratt  trussing  there  would  be  no  material  ad- 
vantage in  continuity. 

Without  making  another  set  of  computations,  the  author  would  not 
care  to  employ  a  priori  reasoning  for  the  determination  of  the  comparative 
economics  of  contmuous  and  non-continuous  trusses  in  long-span,  highway 
bridges  of  the  P^Ait-trusB  type,  excepting  that  it  seems  pretty  ssfe  to  atasume 
that  the  FtAat  trussing  waM  have  no  advantage  over  the  divided-triangu- 
lar trussing,  and  that  the  continuous  trusses  would  probably  show  a  small 
advantage  over  the  non-ecmtinuous  ones. 

All  the  actual  results  of  the  calculations  made  for  this  study  are  ecA- 
lected  in  the  two  following  tables,  and  are  expressed  in  ratios,  unity  stand- 
ing for  weights  of  continuous  divided-triangular  trusses  when  the  effect  of 
reversals  is  ignored* 


TABLE  11a 
SUMMARY  OF  WERJHT  RATIOS 
Divided-Triangular  TnuBing 


Span  Length 
in  Feet 

Type  of 
Bridge 

RevemlB  Ignored 

Bevenalt  Oonridend 

Continuous 

Simple 

Continuous 

Simple 

775 

RaHway 

1.00 

1.12 

l.OB 

1.14 

776 

Highway 

1.00 

1.22 

1.00 

1.22 

3871 

Railway 

1.00 

1.07 

• 

1.10 

1.10 
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TABLIi:  116 
Pbiit  ok  PkATT  TmnflDi o 


8pHi  Length 
in  Foot 

Type  of 
BridiB 

R0wn]B  IgDOfod 

Remaak  GoDBiderad 

Continuous 

Simple 

Continuous 

Simple 

775 
5871 

liailway 
Raihraj 

1.13 
1.09 

1.13 
1.07 

1.16 
1.20 

1.16 
1.15 

"  In  detrmiiniiig  tho  rompamtivc  rconoiiiics  of  continuous  and  non-con- 
tinuous trusses  for  any  proposed  Ijridpo,  the  application  of  ihv.  preceding 
findings  would  have  to  be  somewhat  modified  in  ca.^e  the  structure  has  to  be 
erected  by  semi-<'aiil ilcvt'riii^.  Under  such  a  condition  th<>  continuous 
trustees  have  an  advantage  over  the  non-continuous  ones,  at  least  to  the 
extent  of  the  extra  metal  required  by  the  to^^jles  for  the  latter  over  the 
center  jiier.  Again,  it  is  proliable  that  some  of  the  lighter  truss  niendx  is  in 
either  iy\yo  will  need  reinforcing  for  <'rection  stresses;  and  this  considerat  ion 
is  likely  to  afTect  the  non-continuous  trub^eij  more  adversely  than  it  does 
the  continuous  ones. 

SumiABT  OF  Conclusions 

Summaririnfi;  the  results  of  the  entire  investigation,  the  following  con- 
clusions are  reached: 

First.  For  long  spans  the  divided-triangular  trussing  is  decidedly 
superior  t«  the  Petit  tru.ssing  for  bridges  witli  continuous-truss  spans,  but 
not  nuich  so,  if  at  all,  for  those  of  simple-truss  spans. 

Second.  For  long  spans  there  is  an  impoitant.  saving  of  metal  by  the 
adoption  of  continuous  trusses,  and  the  said  saving  is  nearly  twice  as  great 
for  standartl  highway  bridges  as  for  modem,  double-track  railway-bridges. 

Third.  For  long-span  bridges  the  method  of  treating  the  matt-er  of 
stress  reversal  has  practically  no  effect  upon  the  comparative  economics  of 
continuous  and  non-continiuNis  irunes. 

Fowrtk.  For  eomparatively-short-span,  steam-fsilwiQr  bridges,  the 
eotitinuous  truss  has  a  sDiaH  advsDtaie  over  the  simple  truss  only  when  t^ 
divided-triangular  trussiDg  is  used  and  stress  levereals  are  ignored.  In 
an  other  cases  the  comparison  Ib  either  a  stand-off  or  in  favor  of  the  simple 
truss. 

F^Ul  For  oomparatively-short-span,  steam-raihray  bridges,  the 
divided-triangular  trussing  is  generally  more  economic  of  metal  than  the 
Pratt  trusnng. 

Sixik,  In  no  loase  should  either  the  Pratt  or  the  Petittruss  be  employed 
for  otmtinuous  spans,  because  in  these  the  divided-tiiangukr  truss  is  mora 
economic. 
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Seventh,  In  ease  of  a  stnieture  requiring  ereetiasi  by  semiroantikfVQriQg 
the  continuous  truss  will  possess  an  advantage  over  the  non-continuous 
one,  at  least  to  the  extent  of  the  weight  of  extra  metal  required  by  t  he  tog^ 
for  connecting  temporarily  over  the  center  pier  the  inner  hips  of  the  two 
simple^ruaB  spans.  This  advantage  may  even  extend  to  the  rainloroe- 
ment  for  erection  streesea,  but  if  it  dom,  the  gain  thus  involved  can  never 
be  very  great. 
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CHAPTER  Xn 

OOMPABATiyi  EOONOMICB  OF  8IMPLB^U88  AND  GANTILDTSB  BBIDOU 

About  the  time  that  cantOeven  came  ipto  vogue,  some  twenty-five  or 
thirty  yean  ago,  eertain  bridge  dengnen  eDtertained  a  irild  Idea  to  the 
effect  that  the  new  type  invdved  some  special  virtue  or  feature  of  excenenoe 
or  else  that  h  was  teonomic  in  first  ooBt;  because  many  oantilever  bridges 
were  built  in  plsoii  where  sfmple-epan  structures  would  have  been  far 
better  and  eheaper.  Bossib^  the  thou^^t  oi  establishing  an  innovation 
induced  sooie  d  the  designers  of  those  bridges  to  prefer  the  cantilever  type 
to  that  of  the  snnida  truss.  What  a  pity  it  is  that  such  dengnen  did  not 
devote  their  time  and  energy  to  an  attempt  to  intioduce  the  steel-arch 
bridge  into  American  practice  1  Had  they  done  so,  probably  t  hey  would 
have  been  successful;  because  there  is  often  true  economy  in  the  arch — 
besides  it  is  far  more  am thetic  than  either  the  cantilever  or  the  simple  truss. 
A  long-epan,  cantilever  bridge  can  be  made  agreeable  to  the  eye  by  using 
artistic  outlines  and  a  well-studied  web-^ystem;  and,  again,  its  simple 
vastnem  pfoduees  a  plmwing  impression  upon  the  beholder;  but  a  small- 
span  cantilever  Is  ugly  and  causes  a  trained  intelligence  to  propound  to 
itself  the  qqestion  "why  and'  wherefore?''  without  receiving  a  satisfying 
answer. 

It  is  true  that  for  certain  fairly-narrow  crossings  the  water  is  so  deep,  or 
the  current  is  so  swift,  that  the  use  of  falsework  is  out  of  the  question,  and 
that  the  adoption  of  cantilevering  during  erection  is  necessitated.  Such 
conditions,  howovor,  do  not  require  cantilever  bridges,  but  semi-cantilevers, 
i.e.,  striK^tums  t  liat  are  cantilevers  during  erection  and  <MnK'r  simple  spans 
or  arches  aftcnvards.  This  method  of  erection  for  simple-truss  spans  was 
first  evolved  hy  the  author  some  twenty-five  or  thirty  years  ago,  but  was 
not  actually  used  by  him  in  const  nid  Ion  until  some  time  later.  A  descrip- 
tion of  it  will  be  found  in  Chapter  XX \'  of  "Bridge  Ennincorinp." 

It  is  evident  to  any  engineer  who  gives  the  subject  due  consideration 
that  a  cantilever  bridge  is  less  ri^iid  than  the  corresponding  shnple-tniss 
structure,  because  its  vertical  deflections  under  live  load  are  necessarily 
larger,  thus  permitting  more  vibration  as  well  as  greater  irregularity  in  the 
track  grade;  hence,  for  steam-railway  bridges,  other  things  being  t;qual,  the 
simple-truss  layout  should  be  chosen — or  even  if  it  should  cost  somewhat  * 
more,  because  rigidity  is  an  inii>ortunt  consideration  in  the  operation  of 
steam-railway  trains.  For  highway  and  electric-railway  bridges,  though, 
it  is  not  of  such  great  importance;  coubcquently,  if  in  these  btructures  the 
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cantilever  should  show  even  a  amaU  eoonomy  in  the  oomparison,  it  would 
he  mXi  to  adopt  it 

The  question  of  what  is  the  economic  limit  of  length  of  fdmple-tniss  . 
spans  as  oompazed  with  eantilevere  is  still  A  mooted  one.  Prof essoiB  Mem* 
man  and  Jaoot^r,  on  page  119  of  Pert  IV  of  their  exceDent  treatise  on Ro 
and  Bridges,"  state  that  the  economic  limit  far  snnple  qmns  was  probably 
neariy  reached  in  the  buildtng  of  the  five  hundred  and  eighty-eiz  (586)  foot 
span  over  the  Gtoat  Miami  Biver  at  Elisabethtown  near  Cincinnati;  but 
the  author  has  had  occasion  to  compare  simple-truss  spans  of  somewhat 
greater  length  than  that  with  the  corresponding  cantilever  structures  and 
has  found  them  more  economic  The  continuity  of  cantilever  spans  in 
reststing  wind  loads  lowers  the  requirement  for  nunimum  widtii  feom  (me" 
twentieth  (1/20)  to  one-twenty-^fth  (1/25)  of  the  greatest  8pan4ength, 
and  hence,  because  of  substructure  considerations,  gives  an  advantage  to 
the  cantilever  type  that  in  certain  extreme  cases  will  more  than  offset  its 
di»i(i  vantage  of  greater  weight  of  truss  metal. 

This  question  of  when  to  pass  from  simple-truss  spans  to  cantilevers 
is  not  affected  veiy  much  today  by  the  last  ocmsideration,  because  bridges 
with  spans  long  enough  to  necessitate  the  comparison  are  often  so  wide 
as  to  cause  it  to  hr  ifinorcd.  For  instance,  one  seldom  hoars  any  more 
of  a  pinglo-track  raihvay  i)ri(Ige  having  a  span  longer  than  four  hundred 
(400)  feet;  and  first-class,  double-track,  steam-railway  bridges  have  a 
clenranoe  of  twenty-eight  (28)  or,  preferably,  thirty  (30)  feet,  thus 
makinji  the  distance  between  central  planes  of  trusses  from  thirty-two  (32) 
to  thirty-four  (34)  feet.  The  limiting  simple-truss  span4ength  estabhshed 
by  good  American  practice  for  the  latter  dimension  is  six  hundred  and 
eighty  (080)  f<H't,  and  for  cantilevers  it  is  eight  hundred  and  fifty  (850)  feet. 

Of  still  greater  importance  are  the  special  requirements  that  govern 
the  layout  at  cacli  sit(\  Fig.  12a  (which  is  a  reproduction  of  Fig.  55aaa 
on  page  1271  of  "  Bridge  Engineering  "),  shows  typical  layouts  for  cantilever 
bridges.  There  is  still  another  ty{)e,  consisting  of  e(|ual  (or  nearly  o(|ual) 
spans  with  short  cantilever  anus,  that  is  discussed  later  in  this 
chapt  er. 

The  Tyyx'-C-cantilever  bridge,  \\h\vh  has  tliree  sjians  of  practically 
cfiual  lengths,  will  first  be  considered.  It  will  lx»  compared  with  a  cor- 
resi)onding  structure  liaviii^:  thr(>e  simi)le-truss  spans.  These  layouts 
apply  wlu're  the  distance  between  end  piers  is  fixed,  while  the  intennediiite 
piers  can  }>e  placed  where  ih-sired.  Fig.  I2h  gives  the  comparing  weights 
for  i)in-connected,  doublc-l rack-railway  bridges.  From  its  cur\-es  one  can 
see  that  the  span  of  e(}ual  cost  is  about  six  hundred  and  thirty  ((3:30)  feet. 
It  may  be  jjossible  to  reduce  the  cantilever  weiglits  by  varying  the  sizes 
of  the  oix^nings  and  the  relative  length  of  suspended  sj)nn  to  cantilever 
ann;  but,  even  with  such  changes,  it  is  not  likely  that  the  span-length  for 
equal  weights  of  metal  would  be  as  low  as  six  hundnHi  ((iOO)  feet. 

In  the  case  of  liigliwuy  bridges,  the  weights  of  metal  per  hneal  foot  in 
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cantilevers  wcuild  he  al)()ut  the  same  a,s  those  for  siniple-truas  spans  of  five 
hundred  and  fifty  (550)  or  five  hundred  and  seventy-five  (575)  feet. 


It  is  unneccf58ar>'  to  ronsider  the  comparative  economics  of  simple- 
spans  and  cantilevers  for  electric-railway  bridges  pure  and  simple-  Nobody 
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»  ever  going  to  build  aqy  d  them  of  kmg-enough  span  to  bring  up  the 
question,  beeause  raoh  expensive  sbruetuzes  would  surdty  be  ooostructed  to 
aooommodate  highway  traffic  also. 

The  type  of  cantilever  under  diseuasion  (Type  C  ol  Fig.  12a)  is  not  well 
adapted  to  erossings^diere  finlsewoik  cannot  be  employed;  and  the  use  of 
the  simple-span  layout,  in  which  the  central  qian  can  be  cantikraed  out 
bom  the  side  ones,  is  frequently  preferable  on  this  account.  Also  the 
adoption  of  the  three  duplicate  spans  or  even  the  duplicate  side  qians  will 
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usually  cause  a  small  reduction  in  the  pound  price  of  the  manufactured 
metal,  as  compared  with  that  for  the  cantilever. 

The  cantilever  layout  denominated  Tvjk'  A  in  Fifj.  12a  is  the  most 
ewmnon  of  the  four  types  illustrated.  It  is  generally  used  for  a  long- 
span  structure  where  tlie  length  of  the  central  o})enings  is  fixed,  while  the 
lengths  of  the  end  spans  can  be  made  nnich  shorter.  Also,  it  is  more 
likely  to  be  adopted  wlieie  the  central  span  cannot  lie  erected  on  falsework. 
For  these  reasons  it  cannot  fairly  be  contrastetl  with  a  simple-truss,  efjual- 
span  layout,  nor  with  the  Type-C  cantilever.  It  may  ver>'  properly, 
though,  be  pitted  against  a  simple-tniss  layout  with  unequal  spans — in 
fact  the  same  spans  as  the  cantilever  layout  has.  Fig.  12c  gives  curves  of 
weights  for  such  layuutSi  for  pin-connected,  double-track,  steam-railway 
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bridges.  It  win  be  ndtod  that  tbe  qian-kngth  for  equal  weSghte  is  about 
d20feet  If  the  central  span  must  be  erected  cantUeyering,  extra  metal 
wiD  be  required  for  the  aimide-trueB  layout,  amountiiig  to  about  8  per 
eeutof  thetruflB-weight.  The  epan-leDgth  for  equal  weights  viU  then  be  a 
little  over  500  feet 

If  tbe  side-spans  in  the  simple-truBs  Isyout  be  rqilaoed  sted  trestle, 
the  spaa  length  for  equality  of  weights  will  be  about  700  feet  when  the 
oential  wpm  is  erected  on  falsework.  This  layout,  evident^,  cannot  be 
used  when  the  central  span  must  be  cantflevered  out. 

The  T^pe-A  cantilever  of  the  proporti(Mis  shown  in  Fig.  12o  is  usually 
an  uneeunamie  Isyout  to  adopt  when  the  distanoe  between  the  end  pieiB  is  a 
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fixed  quantity,  wliile  the  two  intcrniodiate  piers  can  })o  jilacod  where 
desired.  For  such  a  location  there  should  generally  Ije  used  three  simple- 
truss  spans,  a  Type-C  cantilever,  or  a  cantilever  with  the  end  spans  nearly 
as  long  as  the  central  span.  As  before  stated,  this  latter  layout  is  discussecl 
8ubsc»quently  in  this  chapter.  In  many  cases,  however,  the  piers  of  the 
TyixvA  cantilever  with  a  long  central  sjmn  will  he  much  cheajx'r  than  those 
of  the  simple-span  Ijridge,  on  a(!count  of  their  being  nearer  to  the  banks 
of  the  river.  For  such  a  crossing,  the  total  cost  of  the  simple-span  struc- 
ture can  sometimes  Ix*  reduced  by  lengthening  the  center  s])an  and  shorten- 
ing the  side-spans;  and  the  most  economic  layout  for  the  simple-span  bridge 
should  first  be  found,  and  its  total  cost  then  compared  with  that  of  the 
cantilever  structure. 

There  is  an  economic  consideration  of  some  impwrtance  in  the  compari- 
i  of  simple-truss  and  cantilever  bridges  which,  as  far  as  tbe  author  knows, 
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has  never  yet  been  given  any  attention — at  least  none  in  print.  It  ind^. 
cates  within  rather  narrow  limits  a  slight  economy  for  the  cantilever  type, 
but  the  amount  thereof  and  the  location  of  the  said  limits  are  dependent 
upon  aevenl  oonsideratknis,  among  which  the  moet  hnportant  are  the  fol- 
lowing: 

A.  Average  length  of  spans  considered. 

B.  Ratio  of  live  load  plus  impact  to  total  load. 

C.  Method  adopted  for  combining  levenring  ntrooBCB,  when 

proportioning  aectionB  of  members. 

The  best  oonc^ition  of  this  matter  of  eoonomics  can  be  obtained  from  a 
dissertation  based  upon  an  assumed  layout  of  sunple-truss  spans,  all  of 
*  equal  length^-for  instance,  a  long  succession  of  like  spans  of  two  hundred 
feet  each,  the  paneMengths  bong  twenty  feet  If  now  we  extend  the 
trusses  of  every  other  span  one  panel  beyond  each  of  its  piers  and  sus- 
pend from  the  cantilevered  ends  thus  foimed  the  shortened  inteimediate 
spana,  we  dull  have  a  cantilever  bridge  that  will  effect  a  saving  in  weiglit 
of  metal  in  eveiy  span.  It  is  evident  without  taxy  figuring  at  all  that  the 
spans  which  contain  the  suspended  trusses  will  wei|^  less  than  the  simple- 
truss  spans,  because  the  suspended  portion  is  decidedly  lighter  and  the 
cantilever  arms,  being  so  short,  cannot  be  very  heavy.  Again,  the  dead 
load  atrosocB  in  the  chords  of  the  other  spans  are  somewhat  reduced,  but 
probably  not  enough  to  permit  of  any  reversion  of  stress  when  the  span  is 
empty  with  the  adjoining  spans  loaded.  The  total  stresses  in  chords  are, 
therefore,  materially  smaller  than  those  for  the  simple-truss  spans,  resulting 
in  an  economy  of  metal,  notwithstanding  the  fact  that  there  are  two 
extra  panel-lengths  of  top  chord  involved  by  the  change  from  simple-span 
type  to  cantilever  type,  and  that  the  vertical  posts  over  the  piers  combined 
with  the  end  main  diagimals  are  somewhat  heavier  than  tho  inclined  end 
posts  of  the  simple4n]8B  span.  On  the  other  hand,  though,  the  canti- 
lever structure,  hnvin^;  only  one  pair  of  pedestals  per  pier,  involves  a  slight 
economy  of  "metal  un  piers''  and  permits  the  width  of  pier-top  to  be 
reduced  a  little  below  that  required  for  the  two  pedestals  of  consecutive 
trusses  in  the  simple-truss  layout,  which  saving  in  some  cases  will  extend 
from  coping  to  bottom  of  caisson. 

Next,  let  us  assume  that  there  are  cantilever  extensions  of  two  panel 
lengths  iiisteiul  of  one.  There  may  or  may  not  In?  a  material  saving  of 
metal  in  those  spans  containing  the  siisiK-nded  trus.Hes  in  compariso!i  with 
simplc-truss  spans,  although  there  will  l)e  some  reduction;  for,  while  there 
is  a  decided  lessening):  in  the  weiglit  of  metal  per  lineal  foot  in  the  sus- 
pended portion,  the  cantilever  arms  ivm\  to  beeonu>  heavy.  In  the  chords 
of  the  other  si)ans,  the  <le:ul-loa(l  stresses  are  made  very  small,  pemiitting 
some  reversion  therein  from  the  lixc  loads  on  the  adjoining  spans;  and  the 
result  will  probably  involve  an  increase  in  weight  of  truss  metal.  The  net 
effect  of  th(^  change  in  layout  upon  the  stnicture  as  a  whole  is  uncertain; 
but  it  is  probably  slightly  uneconomic  of  metal. 
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If  the  assumption  be  made  that  three  panel-lengths  be  cantilevered,  it 
is  almost  certain  that  the  total  weight  of  metal  in  the  stnictuie  will  be 
augmented. 

It  is  evident  that  the  proportionate  effect  of  the  cantilevering  under 
consideration  is  dependent  upon  whether  the  l)ridge  is  a  railroad  structure  or 
a  highway  one  with  a  paved  roadway  supported  on  a  reinforced-concrete 
base,  Ix'cause  the  relative  effect  of  reversion  is  far  greater  in  the  foniier  case 
than  in  the  latter;  hence  an  amount  of  cantilevering  of  this  kind  that  would 
be  uneconomic  in  a  railroad  bridge  might  be  truly  economic  in  the  ooi^ 
responding  highway  stnicture. 

As  the  span-length  increases,  the  ratio  of  live  load  to  total  load  decreases, 
and  hence  the  proportionjite  elTect  on  weight  of  metal  due  to  reversing 
stresses  dinuiiish(»s.  For  this  reason  one  can  anticipate  that  the  longer  the 
average  span  the  greater  will  l)e  the  relative  importance  of  the  economic 
feature  of  design  under  consideration. 

Finall\',  the  siiving  in  metal  (or  t  he  reverse)  by  this  method  of  cantilever- 
ing is  fundamentally  de|x?ndent  upon  the  nmnner  in  which  the  designing 
specifications  take  care  of  reversing  stresses.  If  these  be  entirely  ignored, 
as  some  engineers  advocate  doing,  the  cantilevering  will  effect  a  large 
economy  of  metal,  even  when  the  cantilever  arms  are  comparatively  long; 
whereas,  if  these;  stresses  of  oj^posite  sign  are  cared  for  In'  adding  to  the 
larger  three-<iuarters  of  the  smaller  and  proportioning  for  the  sum,  the 
saving  will  be  but  little,  if  any.  The  most  approved  and  up-to-date  prac- 
tice is  to  add  to  the  larger  stress  only  one-half  of  the  smaller;  and  in  that 
event  some  economy  may  be  anticipated,  provided  that  the  length  of  the 
cantilever  arms  be  not  too  great. 

If,  with  a  layout  such  as  k  being  oonsideied,  there  be  foand  for  openings 
of  equal  sise  an  eocmomy  in  a  eertain  amount  d  oantUevering,  the  question 
arises  "would  there  not  be  a  further  saving  of  metal,  if  the  lengths  of  the 
continuous  spans  were  to  remain  fixed  and  those  of  the  other  spans  were  to 
be  moderat^  increased?"  The  answer  to  this  question,  in  aDprobahi]ity» 
is  affirmative,  although  the  economy  involved  would  not  be  important. 

In  view  of  the  preceding  dissertation,  it  is  evident  that  it  is  entire^ 
impracticable  to  give  any  quantitative  sohitaon  to  this  eoonomie  queetion, 
but  that  it  must  be  solved  for  each  case  as  it  arises.  In  railroad  bridge 
designing  the  matter  is  not  important;  because  it  is  highly  imjprobable  that 
the  value  of  the  metal  saved  would  oCbet  the  disadvantage  of  the  reduetion 
in  figidily  that  is  unavoidable  when  changing  from  the  fixednqian  type  to 
that  of  the  cantilever.'  But  in  the  case  of  a  highway  bridge  a  hieavy 
floor,  it  is  an  altogether  di£feient  matter,  because,  as  previousty  pointed 
rigidity  is  not  so  fundamentally  important  in  hi^way  structures  as  it  is  in 
mihray  bridges;  and,  moreover,  the  stiff  concrete  dab  itself  increases  so 
greats  the  rigidity  of  the  sted  construction  that  the  detrkMutal  looseiM 
caused  the  hinged  attachments  of  the  suspended  span  loses  most  of  its 
importance. 
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COMPARATIVE  EOONOMICS  OF  CANTILEVER  AND  SUSPENSION  BRIDGES 

This  chapter  is  efisentially  a  reproduction  of  a  pap<'r  delivered  In  the 
author  to  the  We^stern  Society  of  Engineers  at  (  ')iicaf;o  on  September  loth, 
1919.    It  is  reproduced  here  practically  in  full  for  two  reasons: 

First.  Outside  of  the  niernbersliip  of  that  society,  the  paper  has  been 
read  very  little,  and  it  did  not  receive  any  written  discussion;  consequently, 
its  contents,  as  far  as  this  treatise  and  ilie  engiucering  profesisiou  in  general 
are  concerned,  are  practically  new  mat  (  rial. 

Second.  Unless  it  be  shown  herein  that  mast  of  the  information  which 
had  been  published  about  the  subject  prior  to  September,  1919,  was 
wrong,  there  would  not  be  much  use  in  the  author's  stating  that  such  is  the 
fact  and  claiming  correctness  for  the  data  thereon  which  he  presents; 
because  in  engineering,  as  in  all  other  waOcB  of  life,  any  man's  word  is  as 
good  as  ■nother's  on  a  disputed  point  until  one  has  given  absolute  proof  of 
the  oonectnesB  of  his  obum.  Moteover,  from  the  strieUy^^irof esBknial 
point  of  view,  the  denKmstratioii  of  the  author's  findings  and  the  record  of 
the  various  steps  which  he  took  in  his  investigation  ought  to  prove  fairly 
interesting  reading—at  least  to  structural  engineers  and  students  of  the 
specialty  of  bridge  design  and  construotion.  But  if  any  reader  should  fed 
aveiss  to  wading  through  this  long  chapter,  he  can  easily  arrive  at  the 
results  of  the  somewhat-elaborate  study  by  ddpping  to  near  the  end  of  it| 
wbm  he  will  find  a  rtem^  of  conclusions. 

The  calculations  for  the  suspension  bridges  were  prepared  upon  the 
basis  that  the  stifi^ening  trasses  were  free  at  theur  ends;  but  later  some  more 
computations  were  made  in  order  to  deteimine  the  effiect  upon  the  economic 
deductions,  under  the  assumption  that  the  said  ends  were  anchored,  but 
not  fixed,  to  the  masonry.  The  results  showed  for  both  the  longer  and  the 
shorter  spans  a  decrease  ci  nearly  one  hundred  feet  in  the  span-length  for 
eqoaloost.  This  is  not  a  snious  difference,  nevertheleBS  it  is  wdl  to  rememi- 
ber  that  it  exists. 

The  following  is  a  reproduction  of  the  previously-mentioned  paper: 

The  CoMPABATiyE  Econqmigb  of  Camtilevbb  and  SusFENsioir 

Bbidgbs 

Under  the  title  "Suspension  Bridges  and  Cantilevers — Their  Economic 
Proportions  and  i  smiting  Spans,"  Dr.  D.  B.  Steinman  in  .1911  issued  a  little ' 
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book  in  tho  Van  Xostrand  Science  Series;  and  in  1913  he  produced  a  second 
edition  of  it  with  a  few  revisions  and  the  addition  of  four  foldinjf  plates. 

In  that  treatise  he  draws  tlie  conclusion  that  "the  critical  span  at 
which  the  suspension  l)rici^e  becomes  economically  superior  to  the  canti- 
lever bridge  is  1,670  feet."  His  calculations  were  made  for  a  structure 
carrying  four  steam  railway  tracks  between  trusses  and  two  exterior  side- 
walks on  the  lower  deck,  and  a  roadway  with  electric  railway  tracks 
between  trusses  on  the  upper  deck,  the  total  Hvc  load  for  the  trusses  being 
18,000  pounds  per  linear  foot,  of  which  12,000  pounds  were  for  the  steam 
railways.  His  profile  shows  bare  bed  rock,  which,  under  the  approaches, 
is  approximately  horizontal  and  a  few  feet  above  extreme  high-water  level. 
He  figured  his  cantilever  structures  for  main  openings  of  1,000  feet,  1,500 
feet,  and  2,000  feet,  and  his  suspension  bridges  for  main  openings  of  1,500 
feet,  2,250  feet,  and  3,000  feet 

While  recognizing  the  value  of  Dr.  Steuunan's  woric  and  giving  him  due 
credit  for  his  laudable  energy  and  ambition,  the  author  doubted  the  oor- 
rectoesB  of  the  main  eonduaon  just  mentioned,  and  in  "Bridge  I^igineer- 
ing"  he  wrote  oonceming  it  as  foUows: 

"In  order  to  ovolvo  a  mftthom;iti»nl  domonstmtion  of  the  problem,  he  (Dr.  Stein- 
man)  liad  to  make  numerous  aasumptiona  more  or  less  approximately  correct.  \\  ithout 
checking  all  of  his  mathematical  work,  it  is  evident  that  the  professor  has  made  as 
fair  a  MuniMriBoii  80  be  oould;  but  his  Mmmptiope  were  m>  nmnwouB  and  appfnarimatn 
that  his  conclusions  must  be  taken  with  a  liberal  allowance  for  variation.  .  .  . 

"All  these  facts  affect  materially  the  question  at  issiie,  and  it  is  prohahlo  that,  if  the 
changeH  implied  were  incor|x)nitc<i,  the  spaa  length  for  equal  ooet  found  by  the  inves- 
tigator would  be  considerably  greater." 

a 

For  a  number  of  years  the  author  has  had  the  desire  to  settle  this 
eoonomic  question;  Irat  the  amount  of  lalxxr  invd^  had  always  i^ipeared 
appalling.  In  truth,  it  was  so,  because  Dr.  Steinman  spent  most  of  his 
spare  time  for  two  years  in  making  the  computations  for  bis  investigation. 

It  is  true  that  the  author  oould  easily  have  figured  the  weights  of  metal 
and  the  costs  thereof  for  cantilever  bridges  by  employing  the  diagrams 
which  he  prepared  for  his  papers  on  "  Nickel  Steel  for  Bridges,"*  and  "The 
Possibilities  in  Bridge  Coostniction  by  the  Use  of  High-AUoy  Steels/'* 
most  of  which  diagrams  were  published  in  these  papers;  but  not  until 
after  he  had  written  Chapter  XXVII  of  "Bridge  Engineering"  did  he 
possess  any  quick  method  of  computing  the  wei^^ts  of  metal  and  the  costs 
of  suspension  bridges.  In  t hut  chapter  are  presented  for  the  first  time  a 
number  of  formulae,  from  which,  in  conjunction  with  the  numerous  dia- 
grams in  Chapter  LV  of  the  same  treatise,  can  be  found  quite  readi^  the 
ai^roximate  weights  of  metal  for  all  portions  of  suspension  bridges. 

In  April,  1918,  for  the  first  time  since  the  issuing  of  his  book,  the  author 
found  leisure  to  make  the  contemplated  eoonomic  investigations.  Th^ 


*  Published  in  the  TianaMtioni  of  the  American  Society  of  Civil  finginMn. 
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ooeupied  all  of  his  spm  time  for  a  month  and  a  half,  repreaenting  alto- 
gether aome  800  houn  of  ateady  figuring.  Aa  in  the  caae  of  his  paper  on 
"The  Poaaibilitiee  In  Bridge  Conatnietion  hy  the  Uae  td  Hii^Alloy  Steels/' 
he  did  all  of  the  oomputation  woik  entirdy  miaidedi  ohfxdring  the  reauha 
himaelf ,  but  relying  for  their  ooneetaeeB  mainly  upon  the  regularity  of  the 
platted  ourvea. 

Aa  hia  data  on*  wei|[^ta  of  metal  in  cantilever  bridgea  were  primarily 
for  douUe-traek-iailwi^  afenxiturea,  hia  first  inveetigation  waa  made  for 
that  elaaa  of  bridgea,  uaing  the  live  loads,  impact,  and  specifications  indi> 
eated-  in  the  two  pievioualy-mentbned  papets.  For  oonvenienoe  of  oomf- 
parison,  he  aawmied  Dr.  Steimnan's  unit  prices  for  metal  in  place,  but  for 
substructure  estimating  he  adopted  th^  method  which  he  has  employed 
for  many  years,  vis.,  using  a  unit  price  for  concrete  above  low  water,  anotiier 
for  the  mass  of  the  pneumatic  caissons  with  their  superimposed  crflis  below 
low  water,  another  for  the  correspcmding  mass  below  the  same  in  box 
cribs  filled  with  concrete  resting  on  pike,  and  a  price  per  lineal  foot  for 
those  poftions  of  the  said  inks  piojecting  below  the  bases  of  the  cribs. 
These  unit  prices  are  aa  foUows: 

Shafts  and  walls  S15.00  per  cii.  yd. 

Mai>8  of  pncunuitio  caissons  with  their  cribs  25.00  per  cu.  yd. 
Mass  of  box  cribs,  including  enclosed  |x)r- 

tions  of  piles   20.00  per  cu.  yd. 

Piles  projecting  below  base  of  crib   1 .50  per  lin.  ft. 

The  unit  prices  for  metal  in  place  were  as  follows: 

Wire  cables   12.5^  per  lb. 

Nickel  steel   S.Offperlb. 

Carbon  steel  in  spans   5.6f^pcrlb.  > 

Carbon  steel  in  trestle  approaches   5.0^  per  lb. 

The  costs  of  the  railway  tracks,  the  roadway  pavements  with  their  rein- 
forcedH'oncrete  bases,  and  the  reinforced-concrete  sidewalks  have  hoen 
ignored  when  computing  the  total  costs  of  structures,  because  they  are 
common  to  the  two  classes  of  bridges  comi)ared. 

In  making  the  computations  for  this  investigation,  the  author  took  tlie 
liberty  of  adopting  several  short  cuts,  such  as  assuming  squared  insteatl  of 
rounded  ends  for  all  piei-s,  using  gonorally  the  method  of  "end  areas" 
insteatl  of  that  of  the  "prisnioidal  f(jniiula"  when  calculating  volumes  of 
masonry,  carr>'ing  out  quantities  of  materials  and  total  costs  to  rather  large 
limiting  units,  and  estimating  costs  of  certain  jxirts  by  pro|x)rtion  from  the 
previously-computed  costs  of  similar  parts  of  other  structures.  All  these 
and  many  other  short  cuts  for  avoiding  labor  are  perfectly  legitimate  when 
making  comparative  estimates,  provided  that  tliey  affect  alike  the  com- 
pared types  of  construction,  as  they  do  in  t  his  case. 

In  the  plotted  curves  of  the  accompanying  diagrams  no  curve  was 
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drawn  through  leas  than  three  located  points,  and  in  many  cases  the  num- 
ber was  four  or  more.  The  regularity  of  all  the  curves  pmvn  that  there 
was  no  error  <rf  any  magnitude  in  ihe  figuring  which  located  the  points 
thereof.  It  does  not  mean,  however,  that  the  author's  calculations  oon- 
tained  no  enon.  Unfortunately,  several  mistakes  crept  into  the  woik, 
but  the  plotting  invariably  pointed  them,  out  and  led  quickly  to  their 
satisfaoUny  correction. 

In  the  diagrams  the  abscissce  represent  main-span  lengths  in  feet,  aiul 
the  ordinates  show  the  total  costs  of  structures  in  doQan,  the  recorded 
units  being  millions. 

In  figuring  the  weights  of  stiffening  trusses  for  suspension  Iridges,  the 
author  made  an  inqportant  modification  in  one  of  the  formuls  given  in 
ChapterXXVII  of ''Bridge  Engineering."*  Equation  15  thereof  has  been 
onpJoyed  without  changOi  when  wind  stresses  are  ignored;  but  the  follow- 
ing formula  for  the  weight  per  foot  of  boik  hvotes  has  been  added  to  cover  the 
case  where  the  effect  of  the  wind  load  is  considered: 


The  corresponding  equation  when  the  wind  stresses  are  ignored  is: 


The  greater  of  the  two  values  of  T  given  by  these  equations  is,  of  course, 
the  one  to  use  in  the  estimate  of  total  weight  of  metaL 

The  division  of  total  metal  weight  between  carbon  sted  and  nickel  steel 
was  made  by  the  author's  judgment,  based  upon  the  curves  in  his  two 
befoTMnentioned  papers  and  upon  the  assumptions  of  material  distribution 
adopted  when  preparing  the  suspension-brid^  computations.  No  error 
of  any  magnitude  exists  because  of  this  aswmipd  distribution,  although,  of 
course,  the  method  employed  is  oo^  approximately  correct 

Whenever  a  proper  weight  curve  for  cantilever  structures  was  not 
available,  the  author  f eD  back  upon  the  general  curves  for  weights  of  metal 
in  trasses  and  laterals  that  record  the  various  double-panel  weights  in  can- 
tilever arms  and  anchor  aims  as  multiples  of  the  correspoodini^  double- 
panel  wcli^  of  the  suspended  span,  which  general  curves  were  first  given  on 
Plate  X  of  "De  Pontibus,"  and  afterwards  were  reproduced  in  Fig.  2Si 
of  "Bridge  Enpneering." 

In  establishing  the  general  assumptionai  for  the  lasrouts  of  both  canti- 
lever and  suspension  bridges,  with  one  exoeptbn  th^  were  made  as  favoi^* 
able  as  possible  for  each  type,  that  exception  being  that,  for  the  sake  of 
appearance,  the  anchor  aims  of  each  cantilever  structure  were  made  of  the 

*  This  inudii'ication  tuts  latdy  been  incorporated  in  the  third  thousand  of  that 
tnatise,  now  on  sale. 
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same  length  as  thai  of  thr  ('.'intilcvor  urins,  viz. :  0.3125  of  the  main  opening, 
instead  of  the  more  economic  value  of  0.2  thereof.  Concerning  the  cor- 
rectness of  the  last  claim  for  economy  there  is  some  dispute  in  the  profes- 
sion; hut  of  this  matttT,  more  anon. 

In  the  au.sfx'nsion-bridge  layout  the  backstays  were  not  used  to  support 
side  spans,  but  were  run  by  approximately  right  lines  to  the  anchorages. 
This  is  the  most  economic  layout  possible,  because  a  steel- trestle  approach 
is  always  cheaper  than  any  layout  of  truss  spans  that  can  be  made,  not 
only  because  it  requires  less  metal,  but  also  because  the  unit  prices  thereof 
erected  are  somewhat  smaUer. 

The  main  piers  of  all  the  cantflever  bridges  and  moat  of  those  for  the 
sospensioii  structures  yrm  designed  as  two  pedestals  with  a  leiiifoiroed- 
ooncrete  wall  between,  this  wall  extending  a  short  distance  bdow  eartreme- 
low-water  mark.  It  was  found,  however,  in  the  case  of  the  combined 
fouivtrack-railway-and-highway  suspension-bridges,  that  it  was  just  as 
economic  to  use  a  continuous  pier,  because  of  the  four  points  of  support 
required  by  the  tower  columns,  hence  that  feature  of  oonstniction  was 
adopted. 

The  method  employed  for  finding  the  quantity  of  concrete  in  the 
anchor  pier  for  a  cantilever  bridge  was  to  compute  the  nuudmum  uplift, 
multiply  it  by  two,  and  divide  the  product  by  the  weight  of  one  cubic  foot 
of  concrete,  taking  due  cognisance,  of  course,  of  the  buoyant  effort  of  the 
water  on  all  submerged  portions  thereof.  If  the  volume  thus  found  would 
work  up  into  a  properly-shaped  pier,  well  and  good;  but  if  not,  an  addi- 
tional amount  was  provided. 

The  method  of  proportioning  the  anchorages  for  suspension  bridges, 
when  the  foundations  were  solid  rock,  was  to  make  each  one  quite  long  and 
narrow,  high  in  the  rear  and  low  in  the  front,  and  to  let  the  line  of  pressure 
reach  the  base  exactly  on  the  edge  of  the  middle  third  thereof.  In  case  the 
foundation  were  piles,  a  similar  shape  was  used,  but  it  was  necessary  to  keep 
the  load  on  each  pile  of  the  front  row  down  to  forty  tons. 

When  piles  were  employed  to  support  tiu^  main  piers,  the  limiting 
load  per  i^ile  was  taken  also  at  forty  tons,  exclusive  of  the  effect  of  wind 
pressure.   The  piles  used  were  all  assumed  to  be  one  hundred  feet  long. 

The  limiting  widths  of  structure  were  as  follows:  In  cantilever  bridges 
one  twenty-fifth  of  the  main  opening;  in  suspension  bridges  one-twentaetb 
thereof,  measuring  between  central  planes  of  exterior  columns  over  main 
piers;  and  between  central  planes  of  stiffening  trusses  one-thirtieth  of  the 
main  opening.  As  a  matter  of  economy,  in  some  of  the  cantilever  struc- 
tures the  distance  between  truss  planes  was  made  as  small  as  practicable 
for  the  suspended  span,  and  was  gradually  widened  out  to  a  iw^x'™'*^  over 
the  main  pier,  and  then  gradually  reduced  to  a  minimum  over  the  anchor 
pier. 

The  economic  lengths  for  the  cantilever  structures  were  taken  as  estab- 
lished twenty  years  or  more  ago  by  the  author  when  preparing  the  MS.  of 
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"De  Poiitibiis,"  viz.:  For  the  suspended  span,  three-eighths  of  the  main 
opening;  for  each  cantilever  ami,  five-sixteenths  of  the  main  opeiiiiip;.  As 
before  state<l.  tlie  length  of  the  anchor  arm,  for  the  sake  of  apix*urance,  was 
made  the  s;ime  :us  that  of  the  cantilever  arm|  although  fiome  metal  would 
have  been  saved  by  lussuming  it  shorter. 

In  the  suspension  span,  also,  economic  dimensions  were  used,  viz.: 
one-fortieth  of  the  length  for  the  truss  dei)th,  and  one-ninth  thereof  for 
the  deflection  of  the  cables.  In  order  to  j)rovide  proper  s])lay  for  the  latter 
(when  splay  was  required),  the  tower  wi<11h,  as  before  indicated,  was  made 
one-tweiil  it't  h  of  the  main  opening.  This  militated  but  slightly  against  the 
susjx'nsion  bridge,  because,  in  the  substructure,  it  generally  increased  the 
cost  of  only  the  walls  Ix^ween  the  ix'destals  of  the  main  piens,  the  increase 
being  a  bagatelle  in  comparison  with  the  total  cost  of  the  said  substructure. 

The  first  estimates  prepared  by  the  author  were  for  double-track-rail- 
way  bridges;  and  he  assumed,  to  l)egin  witli,  an  opening  of  1,700  feet,  which 
is  api)roxiiiKi1ely  Dr.  Steinman's  span-length  for  (  (lual  cost.  The  profile 
adopted  fur  thib  crossing  is  shown  in  Fig.  13a  and  1  ig.  136.   It  will  be  seen 


Fio.  lab.  Lajixit  for  1,700-foot  Sfwn  Suspensbn  Railway  Bridge. 

thai  there  k  a  diffmooe  of  twen^-'five  feet  between  hi|^  water  and  km 
water,  that  the  river  bed  b  aome  fifty  feet  below  the  btt^,  and  that  the 
bed  lock  is  one  hundred  feet  below  the  same  for  condition  No.  1.  In  con* 
ditkm  Na  2  there  is  no  bed  rock,  hence  the  pierB  and  anchoraeea  are  sup- 
ported on  piles.  As  the  author  had  anticipated,  the  result  of  the  calcula- 
tkms  showed  a  large  difference  in  favor  of  the  cantilever  structure,  the 


Flo.  13a.  layout  for  1,700-foot  Span  Caatflsver  Railway  Bridge. 
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total  costs  txnng  114,120,000  and  §7,980,000.  These  figures  are  for  condi- 
tion No.  1 ,  in  which  all  piers  and  anchorages  were  ftfiHiiined  to  be  sunk  by 
the  pneumatic  process  to  bed  rock. 


Flu.  13c.   Cost  Curves  for  Double  Track  Railway  Bridges. 


For  ooiidition.Na  %  in  which  there  is  no  bed  rock  within  reacli  ol  the 
pUes,  the  oonesponding  %iie8  were  $4,420,000  and  $7,08^^ 

The  suspension-bridge  anchorageB  resting  on  piles  were  found  to  be  so 
much  cheaper  than  those  resting  on  bed  rock  that  it  was  concluded  to  adopt 
them  for  condition  Na  1,  and  to  assume  the  pike  to  be  driven  to  bed  ro^. 
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In  Older/ however,  to  make  the  compariaon  peifectty  fur,  the  aachoikiMeiB 
of  the  cantilever  bridge  were  also  figured  aa  resting  on  pflee  driven  to  bed 
roek.  The  result  of  this  change  was  a  laige  reduction  of  the  difference  in 
cost  between  the  two  types  of  structure  compared,  as  shown  by  the  follow- 
ing totals:  $4,060,000  and  $6,387,000.  These  are  the  costs  which  are 
pbtted  m  Fig.  13c. 

After  noting  the  large  difference  in  these  total  costs,  the  author  decided 
to  test  a  twonty-four-hundrcd-foot  opening,  thinking  that  surely  for  such 
a  long  span  the  suspension  bridge  would  be  t  he  choaper.  The  bed  rock  was 
kept  at  the  same  elevation  as  before,  the  only  difference  in  the  profile  being 
that  the  width  of  river  was  increased,  as  shown  in  Fig.  13d  and  Fig.  13c. 
It  was  decided,  in  order  to  save  lalxir,  to  do  no  further  computing  upon  the 
basis  of  main  piers  resting  on  piles;  but  all  anchor  piers  and  anchorages  were 
assumed  to  be  thus  supported,  as  in  the  final  estimates  for  the  1,700-loot 


Via.  lai.  Layout  for  2,40(Mbot  Span  Cantilever  RaihvEy  Bridge. 


spans.  Much  to  the  author's  surprise,  the  results  showed  the  canfilover 
structure  to  be  still  the  cheaper,  the  total  costs  being  $10,210,000  and 

$i2,o;w,ooo. 

Then  an  openinti  of  twoiity-seven  huudred  feet  was  trstod,  the  result 
being  $15,269,000  fur  the  cantilever  hrid^^o  and  $lo.2r)9,(H)()  fni  ilu^  siisp<'n- 
sion  bridge.  This  shows  that  for  doul)le-track-rail\vay  bridges  of  nickel 
steel,  the  span-h'nfz:th  for  (Hjual  costs  of  cantilever  and  susjx'nsion  bridges  is 
2,700  feet,  or  one  lunKln  d  feet  longer  than  the  greatest  advisable  length 
for  the  for  iier  type  icconinicnded  by  the  autiior  in  his  pajx^r  on  "The 
Possibilities  in  Bridtre  Construction  by  the  I'se  of  Ilifjh-Alloy  Steels.** 

In  order  properly  to  plot  the  ciu*\'es  in  Fig.  I'k.  it  was  necessary  to 
compute  the  cost  of  a  cantilever  l^ridge  liaving  a  span  of  2, ().")()  feet.  This 
gave  four  points  on  the  curve  and  t^nabled  it  to  be  sketched  in  satisfactorily, 
after  which  it  was  easy  to  draw  the  corresponding  curve  for  the  suspension 
bridge. 

In  order  to  make  a.s  cnod  a  showing  as  practicabk^  for  the  suspension 
bridge,  a.s  far  a-s  iho  layout  is  concerned  it  was  decided  to  assume  that  the 
bed  rock  conies  (juickly  to  the  surface  in  the  vicinity  of  the  main  piers  and 
runs  back  thereafter  at  an  elevation  of  about  ten  fei^t  alx)ve  high  water  in 
the  manner  adopted  by  Dr.  Stciiuuan.    This  assumption  reduces  greatly 
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the  costs  of  the  anchorages  of 


Third.  Dr.  Steinniaii's 
by  the  baokstuys,  while  In 


the  fluapensioii  bridges  and  to  a  much  smaller 
extent  those  of  the  anchor  piers 
d  the  cantilever  structures.  The 
effect  of  this  change  on  the  cost 
curves  is  shown  in  Fig.  ly. 
From  it  there  will  be  observed 
that  the  span-length  for  equal 
cost  has  been  brought  down  to 
about  2|570  feet,  showing  that 
the  change  made  in  the  bed-rock 
profile  has  eflfected  comparatively 
little  variation  in  this  span-length. 

The  result  of  the  preceding 
calculations  differs  so  fundament- 
ally from  that  of  Dr.  Steimnan 
that  the  author  found  it  neces- 
sarj'  to  study  carefully  in  detail 
the  doctor's  various  assumptions 
and  estimates,  so  as  to  discover 
the  reason  or  reasons  for  the 
grout  difference — amounting  to 
over  one  thousand  feet.  The 
following  variations  between  his 
data  and  estimates  as  conipureil 
with  those  of  the  author  were 
found: 

Firsi.  In  his  cantilever 
bridges  Dr.  Steinnian  nuikcs  the 
ratio  of  length  of  susj)ended  span 
to  that  of  main  opening  var>' 
from  0..")  for  l,0(X)-foot  op<Miings 
to  0.4  for  2,(X)()-foot  ojKMiings, 
while  the  author  two  decatles  ago 
showed  the  economic  ratio  to  Ix? 
0.375;  and,  as  ])reviously  men- 
tioned, he  (Dr.  Stcirnnnn)  makes 
the  length  of  tlie  anchor  arm  0.4 
of  the  main  opening  instead  of 
about  one-half  of  that  amount. 

SecoiifL  Dr.  Stein  m  a  n '  s 
bridges  carry  l)oth  railway  and 
highway  live  loads,  while  the  au- 
thor's are  for  niihvay  ti  jifTic  only, 
suspension  bridges  have  side  spans  snp|)oi1ed 
the  author's  layouts  these  spans  are  replaced 
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by  steel-trestle  approaches  entirely  disconnected  from  the  main 
stnicture. 

Fourth.  Dr.  Steinman  uses  a  tension  intensity  of  working  stress  of 
20,000  pounds  for  carbon  steel  and  one  of  30,000  pounds  for  nickel  steel, 
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Fio.  13/.    Modified  Cost  Curves  for  Double  Track  Railway  Bridges. 

while  the  author's  practice  has  been  to  employ,  respectively,  16,000  pounds 
and  28,000  pounds. 

.  Fi^ih.  Dr.  Steinman  ignores  entirely  the  effect  of  impact  on  trusses, 
while  the  author  allows  for  it.  In  the  ver\'  long  spans  this  cuts  but  little 
figure;  however,  such  is  not  the  case  for  the  shorter  spans. 
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Sixth.  Dr.  Steinman's  estimated  costs  for  substructure  not  only  exceed 
greatly  those  of  the  author,  buc  also  the  ratios  of  division  thereof  between 
main  piers  and  anchorages  are  fundamentally  different  from  his. 

Seventh.  In  his  cantilever-bridge  esthnates  Dr.  Steinman  divides  the 
metal  into  five  groups,  viz.:  Suspended  span,  cantilever  anns,  anchor 
arms,  towers,  and  anchorages,  but  some  of  the  total  amounts  for  these 
groups  are  greatly  out  of  proportion. 

Eighth.  Dr.  Stoimnan  uses  an  intensity  of  working  stress  for  wire  cables 
varying  with  tlic  span  Icngtli,  while  the  autlior  hius  employed  a  constant 
value,  in  accordance  with  his  standard  practice  of  vaiying  live  loads  and 
impact  allowances  and  kecj)ing  the  unit  stresses  luichanged.  The  effect 
of  this  variation  would  be  to  shorten  somewhat  the  span-length  for  equal 
cost  of  the  contrasted  tyix's, 

A  dissertation  u]K)n  the  first,  sixth,  and  seventh  variations  may  throw 
some  light  up)on  the  subject;  and,  to  make  it  proyn'rly.  it  l>ecanie  necessary 
to  reproduce  here  Dr.  Steinman's  two  layouts,  as  shown  in  Fig.  13^  and 
Fig.  m. 

Is  it  not  evitient  from  a  glance  at  Fig.  V^g  that  the  long  anchor  arms, 
passing  over  drj''  land,  nuist  be  uneconomic  as  compared  with  steel  trestle- 
work,  wliich,  as  is  well  known,  is  the  clieapest  kind  of  metallic  structure? 
It  is  true  that  Dr.  Steinman,  Dr.  Burr,  and,  ]K)ssibly,  other  writers  have 
shown  mathematically  that  the  economic  l(»ngth  of  the  anchor  arm  is  four- 
tenths  of  the  main  o])ening;*  but  such  (juestions  cannot  l)e  solved  by  math- 
ematical analysis,  for  it  is  impracticable  to  consitier  by  e<iuutions  the  many 
variables  in  the  make-up  of  an  anchor  ann,  as  well  as  sinuiltaneously  a 
trestle  api>roach.  Dealing  with  this  j)oint,  tlie  author  made  the  following 
statement  in  "De  Pontibus":  "When,  however,  the  problem  is  to  deter- 
mine the  economic  length  of  anchor  arm  for  a  fixed  distance  l)etween  main 
piers,  the  result  w^ill  be  quite  different;  because,  within  reasonable  limits, 
the  shorter  the  anchor  arm  the  smaller  will  be  its  total  weight  of  metal,  and 
because  trestle  approach  is  much  leas  expensive  than  anchor  arm.  It  would 
not,  for  evident  reasons,  be  advisable  to  make  the  length  of  anchor  aim  less 
tbaii  twenty  p^^T  cent  of  that  of  the  main  opening,  or,  say,  fiftera  per  cent  of 
the  total  distaooe  between  cent^  of  anehorages.  With  tins  length  there 
would  probably  be  no  reversion  of  stress  in  the  chords  of  the  anchor  ann, 
even  when  impact  is  considered.  Generally ,  though,  the  appearance  of  the 
structure  will  be  imjiroved  using  longer  anchor  aims  than  the  inferior 
limit." 

If  there  were  no  other  way  to  settle  this  question,  the  author  would  be 
willing  to  deteimine  it  beyond  all  possibility  of  doubt  by  preparing  actual 
designs  and  estimates  of  quantities  and  costs  for  the  anchor  aim  layout 

•  This  is  nearly  correct  for  the  case  where  the  locations  of  the  anchorages  are  fixed, 
while  the  main  |)icr>!  may  he  placed  where  desired;  hut  in  Dr.  Steinman's  study  it  is 
.  ;the  main  piers  that  arc  fixed  in  location,  hence  the  assumption  made  for  economic 
•kngth  of  aadxMNunit  is  imwanaikted. 
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of  Fig.  I3g,  and  for  a  corresponding  lajrcNit  in  which  the  exterior  half  thereof 
is  replaoed  by  8ted  trestle;  but  as  this  wofuM  involve  oonaiderable  trouble 


and  an  expense  amounting  to  several  hundreds  of  doDara,  the  fdlowing  o 
priori  obaervationB  ought  to  be  sufficient^  convincing:  Digitized  by  Google 
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First.  Alxmt  29  per  cent  of  the  total  wci^ljl  of  tho  trusses  and  laterals 
of  this  anchor  arm  is  included  in  its  outer  half,  and  the  aveiagi'  weight  per 
foot  of  this  portion  is  about  71  per  cent  of  that  for  the  entire  structure. 
Applying  this  to  the  already  computed  weights  of  a  double-track-railway 
cantilever-bridge  having  a  1,500-foot  opening,  and  using  the  unit  costs  of 
materials  in  place  as  stated,  makes  the  average  value  ])er  linear  foot  of  ihe 
outer  half  of  the  anchor  arm  $640.  The  Avci^ht  of  metal  per  hneal  f(K)t  for 
a  doublMnw'k  steel-trestle  one  hundred  and  forty  feet  high  is  4,200  pounds 
and  its  value  is  S210,  to  which  should  l>e  added  not  to  exceed  So  per  lineal 
foot  for  the  cheap  concrete  ])edestjtls  recjuired  lo  raise  the  co^iunn  feet  a 
short  distance  above  the  rock  foundation.  This  shows  that  the  trestle 
costs  only  one-third  jis  nuich  as  does  the  outer  half  of  the  anchor  ann. 

Second.  While  it  is  conceded  that  the  remaining  ])ortion  of  the  anchor 
arm  may  wiMgh  somewhat  less  per  foot  than  it  would  as  an  independent 
arm,  the  difference  will  be  small  for  the  following  leasons: 

(a)  As  the  moment  over  the  pier  is  the  same  for  all  lengths  of  the 
anchor  arm  (Ix^cause  it  comes  entir<'ly  from  the  loadnigs  on  tlie  canlilever 
arm  and  the  suspended  span),  the  weights  of  metal  in  the  truss  members 
lying  near  the  pier  will  not  difTer  greatly  in  the  two  cases. 

(6)  While  the  negative  stresses  due  to  the  uplift  will  be  increased  by 
the  halving  of  the  resisting  lever  arm,  on  the  other  hand  the  direct  live  load 
streflses  will  be  greatly  diminished  because  of  the  halving  of  the  span  length, 
these  two  effects  tending  to  ofieet  each  other. 

(c)  With  the  short  anchor  aim,  the  stresses  in  the  outer  diagonals  (as 
well  as  in  aUllie  other  main  diagonals)  and  in  the  top  chord  members  wiU 
always  be  tensile,  hence  eye-bars  can  be  used  for  these  members,  thus 
effecting  a  great  saving;  because,  owing  to  the  increase  hi  sectional  area  (to 
aflow  for  rivet  holes)  and  to  the  wdght  of  the  details,  it  takes  nearly  fifty 
per  cent  more  metal  to  build  a  riveted  tension  member  than  is  required  for 
the  corresponding  eye4)ars  and  then*  inns. 

(d)  While  it  is  true  that  the  short  ann  produces  a  greater  uplift  and, 
consequently,  necessitates  a  heavier  anchorage,  it  must  be  remembered 
that  the  ViJue  of  an  economically-designed  anchor-pier  is  veiy  smafl  in 
comparison  wtUi  the  cost  of  the  rest  of  the  structure.  Again,  it  must  not 
be  forgotten  that  with  the  long  aim  there  is  positive  as  well  as  negative 
loading  on  the  anchor  pier,  and  that,  in  consequence,  it  is  possible  that 
there  would  be  no  difference  worth  mentioning  in  the  costs  of  the  two  anchor 
piers. 

It  seems  to  the  author  that,  m  view  of  the  preceding,  it  ought  to  be 
evident  without  further  calculation  that  a  length  for  the  anchor  aim  equal 
to  two-tenths  of  the  opening  ought  to  be  decidedly  more  economic  thui  a 
length  twice  as  great. 

In  respect  to  tjie  substructure,  Dr.  Stdnman  m  his  design  for  his  1,500- 
foot-span,  four-track,  8team-raihray-and-hi{^way,  cantilever  bridge  found 
the  cost  of  two  main  piers  to  be  11,282,000,  and  that  of  two  anchor  piero 
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$1,032,000;  while  the  author  found  for  his  neaiest  oomBpoixling  douhle- 
track,  steam-nilway  bridge  $827,000  and  $161,000.  While  it  is  entire^ 
impractieahte  to  compare  these  figures,  because  of  fundamental  differences 
in  both  the  loading  and  the  foundation  conditions^  it  is  evident  that  Dr. 
Steinman  must  have  made  some  serious  mistake  in  his  calculatim  when  he 
caused  the  costs  of  his  main  piers,  with  their  pneumatic  foundations,  and 
his  anchor  piers,  resting  on  bare,  diy  bed-rock,  to  be  so  nearly  alike; 
because  the  latter  genen^y  are  insignificant  affairs  when  compared  with  the 
former.  This  same  error  exists  in  the  other  two  cantilever  bridges  which  he 
has  computed;  for  in  his  1,000-foot  span  he  found,  respectively,  $870,000 
and  $524,000,  and  in  his  2,00(Moot  span  $2,153,000  and  $1,994,000.  This 
matter  will  receive  additional  attention  latcar  on. 

In  respect  to  his  division  of  weights  of  metal  in  superstructure.  Dr. 
Steinman  recorded  the  following: 


TAHl.i: 

\N  EUiHTS  or  MKTAL  in  POI  NDS 


Main 
S|)an 
in  Feet 

The 
Saipended 
tSpan 

'I'wn 

Cant  ilt'vcr 
Aruiit 

Two 
Anchor 
Arma 

Two 

Two 
AnohongBe 

1/m 

8,788,000 

8,661,000 

9,607,000 

6,987,000 

785,000 

1,500 

i5,5r>o.noo 

Ifi.O."  1.000 

17,479,000 

1.794,000 

2,000 

28,964,000 

39,7d0,000 

42,851,000 

40,158,000 

3,374,000 

Referringto  the  item  of  weightof  the  towers  in  both  the  1,500-foot-span 
and  the  2,000-f oot-span  structures  it  exceeds  (he  total  weight  of  nuUd  m  the 
eantitever  arms,  and  is  but  litUe  leee  than  that  in  the  exceaeivdy4ong  andior 
arma.  Surely  this  cannot  be  correct!  Each  tower  consists  of  two  braced 
oolunms,  the  load  on  each  of  which  is  composed  of  the  vertical  components 
of  the  stresses  in  the  two  upper-chord  members  meeting  at  its  top,  and  these 
are  not  extraordinarily  great  Had  the  upper  chords  been  run  horizontally 
from  inner  hip  to  inner  hip,  the  cohmm  stresses  would  have  been  aero,  bar- 
ring those  due  to  their  own  weight  and  to  an  insignificant  wind  pressure  on 
the  columns  themselves  only. 

Such  glarin^y -great  irregularities  as  these  upset  the  entire  economic 
oomparisoQ  and  render  its  results  woithless.  Moreover,  all  these  variations 
from  correctness  combine  to  militate  against  the  cantilever  sbucture. 
On  the  other  hand,  though,  the  assumption  of  side  spans  supported  by  the 
backstays  militates  against  the  suspension  structure. 

In  view  of  the  preceding,  the  author  concluded  that  it  would  be  neces- 
saiy  to  compute  quantities  and  plot  cost  curves  for  cantilever  and  sus- 
pension bridges  of  the  ty]ye  and  loading  assumed  by  Dr.  Steinman,  adhering 
as  closely  as  practicable  to  h'i»  funeral  features  of  layout,  character  of  metal 
used  in  the  various  parts,  weights  per  foot  of  floor  eystems  and  lateral  ays-. 
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terns,  and  cost  per  foot  of  tiestle  approaobes;  but  differing  with  him  in  the 

following  particulars: 

First,  l^ising  the  gnule  of  the  Btnicture  so  as  to  afford  a  vertical  dear- 
anoe  of  150  feet  above  high  water,  and  lowering  the  elevation  of  main  pier 
foundations  to  35  feet  below  low  water.  This  is  more  in  accordance  with 
probable  actual  conditions  than  is  indicated  by  the  profile  in  Fig.  1^. 

Second.  Substituting  steel-tresUe  approachee  for  the  aide  apana  diown 
in  Fig.  m. 

Third.  Adopting  the  moet  economical  type  of  substructure  for  each 
case. 

Fourth,  Adopting  a  length  of  anchor  arm  equal  to  5/16  L  instead  of 
0.4  L. 

With  these  premises  the  author  fomputed  the  costs  of  cantilever  and 
suspension  Ijridges  for  openings  of  1, .')()()  feet  and  2,I(K)  feet,  and  ffnind  that 
tlie  span  of  equal  cost  lies  l)<>tween  these  hinits.  Then  he  fipiircd  for  a 
2,000-foot  span.  This  gave  him  tliree  points  on  eaeh  eurve,  as  shown  in 
Fig.  I'M,  lK\sides  wliich.  he  estinuit(Ml  in  detail  by  proix)rt.ion  the  costs  for 
several  otluT  ojx'nings  and  plotted  the  results  of  these  also.  Fig.  13t 
shows  that  the  span-length  for  eqnal  cost  is  alx)ut  2,100  feet,  instead  of  the 
1,070  feet  found  by  Dr.  Steinrnan — a  difference  of  over  oOO  leet. 

It  will  be  interesting  to  compare  the  substructure  costs  found  by  Dr. 
Steinrnan  and  those  found  by  the  author  for  hke  spans  and  practically  the 
same  geneiul  conditions,  as  recorded  in  the  following  table: 


TABLE  136 


Main  Span-length  and 
Character  of  iStructure 

Cost  in  Dollars  of  the 
M«nFiMi 

Coet  in  DoQan  of  the 
AnohofacBS 

Steinmaa 

WaddeU 

Steinrnan 

WaddeU 

1.  r>(X)-f()nf  Siinponaion  

2,  (KK)-f(><)t  (\-m»il('Vor  

876,000 
1»M2,000 

1,330.000 
2,153,000 

508,000 

440,000 

r»<>n,n(X) 

tiOO.OOO 

926^000 
880,000 

8M,000 
1,082.000 

2,428,000 
1,914,000 

300,000 

1.222,000 
310,(KK) 
1,920,000 

857,000 
2,400^000 

1,835,000 

4,174,000 

2,400-foot  SuBpenakm.  

3,00(^oot  Swpenaon  

3,017,000 

6,005,000 

Of  the  preoeding  nine  cases  there  are  only  thiee  which  can  be  dveetly 
eompaied,  vis.,  the  1,500-foot  cantilever,  the  1,500-loot  suspension,  and  the 
2,000-foot  cantilever,  although  other  comparisons  might  be  made  approii- 
.  mately  by  interpolation.  It  will  be  noticed  that  Dr.  Steinmaa's  mahi  pirn 
cost  two  or  three  times  as  much  as  those  of  the  author,  his  anchor  piers  for 
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cantilevers  from  three  and  a  half  to  six  times  as  much,  and  his  anchorages 
for  suspension  bridges  about  twice  as  much.  This  gives  further  proof  of  the 
statement  previously  made  to  the  effect  that  his  entire  economic  investiga- 


Fia.  13i.    Cost  Curves  for  Combined  Railway  and  Highway  Bridges  of  the  General 

Type  Computed  by  Dr.  Stcinman. 

tion  is  incorrect  and  that  the  deduction  which  he  makes  therefrom  concern- 
ing the  span  length  for  equal  cost  is  wrong. 

In  thus  criticizing  Dr.  Steinman's  little  book,  the  author  does  so  merely 
because  he  feels  that  the  profession  should  not  be  left  iii  error  on  such  an 


Google 


106 


fiCONOMICS  OF  BKmUUWUKK 


Chaptsb  XiU 


important  point  as  the  comparative  economics  of  cant  ilever  and  susjjcnsion 
bridges.  Some  time  in  the  not  very  distant  liiturc  there  are  g;oinii;  to  he 
buih  in  this  country  many  long-span  brid^^  s;  and  it  Ix-htioxcs  engineers  to 
know  in  advance  the  economics  of  tlie  (hileient  types  of  structures  appli- 
cable thereto.  Dr.  Steinman  dcM  rxcs  fireat  credit  for  liis  energy  and 
courage  in  attacking  such  a  stupc-ndous  problem  at  such  an  early  date  in 
his  profe.ssional  career,  without  any  records  of  weights  at  his  disiMjsjil,  and 
l)efore  he  had  had  any  actual  exiM'rience  in  bridgework.  In  undertaking 
such  an  immense  task  he  s<'t.  a  splenchd  example  to  other  young  (Migineers; 
and  the  incorrectness  of  his  conchision  is  no  blot  wliatsoeNcr  upon  his  pro- 
fessional record.  It  would  Ix'  well  for  engmening  if  there  were  in  its  ranks 
many  more  young  men  i)osses8ing  the  attribntis  of  energy,  ambition,  and 
love  for  hard  work  to  the  Siune  extent  that  he  d(X'S.  Such  men  will  lie 
badly  needed  in  every  branch  of  technics,  if  our  profession  is  to  take  the 
high  position  in  the  community  to  which  it  is  entitled  by  it^  importance  to 
mankind. 

Dr.  Steinman  can  console  himself  with  the  reflection  that  he  is  not  the 
only  engineer  who  has  devoted  an  entire  treatise  to  the  productioiL  of  a 
wrong  oonchision,  for  several  decades  ago  an  eminent  French  prafessor  of 
engineering  published  a  large  book  dealing  with  the  eooncnnics  of  truss 
bridges,  basing  his  calculations  upon  such  inooReet  premises  that  the 
result  of  his  woric  was  of  no  real  value  to  the  profession. 

Comparing  the  results  of  the  preceding  (»lculations,  as  shown  in  Fig. 
13c  and  Fig.  13i|  it  will  be  noticed  that  the  span  length  for  equal  cost  is 
much  less  for  the  combined  railway  and  highway  type  of  structure  than  for 
the  strictly  railway  type.  The  reason  for  this  is  that  in  a  modem  highway 
bridge  the  proportion  of  dead  load  to  live  load  is  much  greater  than  it  is  in  a 
raihiray  brklge,  because  of  the  large  wein^t  of  the  pavement,  the  suppcnrting 
slabs,  and  the  concrete  footwalks.  In  the  stiffening  trusses  of  a  suspension 
bridge  it  is  generally  the  live  load  only  which  causes  stresses  that  influence 
the  sectional  areas  of  the  monbcrs,  the  dead  load  having  no  efiSect  thereon 
whatsoever,  but  in  a  cantilever  bridge  it  is  the  total  live  load  plus  the  dead 
load  which  does  so,  with  sometimes  a  little  assistance  from  the  wind  load; 
hence  it  is  evident  that  the  smaller  the  proportion  of  live  load  to  total  load 
the  more  favorable  it  is  for  the  suspension  bridge.  On  this  account,  in 
strictly  highway  structures,  the  span  length  for  equal  cost  will  be  much 
shorter  than  those  thus  far  determined.  Not  knowing  what  the  length 
would  proba!)ly  be,  the  author  figured  the  oosto  of  the  two  types  for  1,500- 
foot,  1,200-foot,  and  1,000-foot  main  openings,  using  carbon  steel  only; 
and  from  the  results  of  the  computations  he  plotted  the  curves  in  Fig.  1^*. 
From  this  diagram  it  will  be  seen  that  the  span  length  for  equal  cost  is 
about  1,000  feet. 

Recognising  that  this  investigation  would  not  be  complete  without 
preparing  a  set  of  computations  for  Btrictl\  -highway  structures  of  nickel 
steel,  the  necesaaiy  calculations  were  made  for  a  1,000-foot  span  of  each 
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type,  the  result  showing  almost  exactly  equal  costs.  This  indicates  that 
the  strength  of  the  steel  used  does  not  modify  the  span  length  for  equal 
cost  in  highway  structures,  although  changing  the  totals  of  the  estimates. 


Fia.  13/.    Cost  Curves  for  Highway  Bridie  of  Carbon  Steel. 

These  highway  britlges  are  of  the  same  kind  as  that  adopted  as  standard 
by  the  author  in  his  late  paix^r  on  "The  Economics  of  Steel  Arch  Bridges," 
viz.,  a  deck  about  6()  feet  wiile,  out  to  out,  composed  of  a  paved  roadway 
42  feet  wide,  resting  on  a  reinforced-concrete  base,  and  having  a  double- 
track  street-railway  at  the  middle,  and  two  8-foot-wide,  reinforced-concrete 
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sidewalks.  The  live  loads  for  the  floor  system  are  Class  25  for  the  electric 
railway,  Class  B  for  the  rest  of  tlie  roadway,  and  Class  C  for  the  side- 
Walks.   Class  A  over  the  full  width  of  the  deck  was  employed  for  the  truases. 

ftfeUUt  OF  INVBBTiaATION 

First.  For  exclusively  railroad  hridfjes,  the  economic  limit  for  the 
cantilever  type  of  structure,  or,  in  otlier  words,  the  main  span  length  for  a 
cost  equal  to  that  of  the  corresponding  susiH'Usion  bridge  is  that  length 
which  re(}uires  4^  pounds  of  metal  to  carry  1  pound  of  live  load. 

Seconil.  For  mo(iern  highway  structures,  carrying  also  incidentally 
electric  railway  tracks,  this  si)an  lengtli  for  equal  cost  is  1,000  feet. 

Third.  For  coml)ined-railway-and-highway  structures  the  limit  is 
intermediate  between  the  limit  for  railway  structures  and  that  for  high- 
way structures,  the  interpolation  being  done  in  direct  proportion  to  the 
ratio  of  railway-trus.s-live-load  to  totMl-truss-live-load. 

This  may  U'  expres.*«Hi  by  formula  thus:  If  G  is  the  span  length  of 
equal  cost  for  strictly-railway  l)ridges,  and  R  is  the  ratio  of  rnilw  :iy-tiuss- 
live-load  to  total-truss-live-load,  then,  f(»r  combined-railway-anil-hi^hway 
structures  the  span  length  for  equal  cost  will  be  given  approximately  by 
the  equation: 

5,=  l,00()+((7-l,000)/? 

For  instanoe,  if  (?» 2,700  feet  for  nickel  steel  railway  bridges  and  R=it 

iS«- l,000+l,700X}-2,m 

This  checks  fairly  well  with  the  value  shown  in  Fig.  13i*,  whm 

P^12,000  _2 
18,000  3* 

Fig.  13^  is  a  diagram  from  which  can  be  found  at  a  glance  the  span 
length  for  e(]ual  cost  for  any  proportionate  combination  of  railway  and 
highway  live  loads,  under  the  assumption  that  nickel  steel  is  employed 
for  the  principal  portions  of  the  structure.  In  case,  though,  that  carbon 
steel  alone  be  used,  which  is  unlikely,  th(>  limiting  span  length  for  canti> 
lever  construction  is  to  be  taken  at  about  2,000  feet. 

While  it  was  not  intended  to  do  any  figuring  concerning  the  com- 
parative economics  of  cantilever  and  su.spenaion  bridges  when  alloy  steels 
having  higher  elastic  limits  than  60,000  pounds  per  square  inch  are  em- 
ployed, it  was  sunni.sed  that  the  span  length  for  equal  cost  for  strictlj'- 
railway  bridges  will  not  differ  essentially  from  the  limiting  lengths  for 
cantilever  main  spans  detennined  by  the  aiithor  in  "The  Possibilities  in 
Bridge  Construction  by  the  Use  of  High  Alloy  Steels,"  viz.: 

YotE^  70,000  pounds  per  square  inch   2,780  feet 

ForiS^-  80,000  pounds  per  square  inch   2,010  feet 

For       90,000  pounds  per  square  inch   3,030  feet 

For  E "  100,000  pounds  per  square  inch   3,140  feet 
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It  is  possible  that  the  author  is  not  entirely  justified  in  making  this 
surmise,  because  computations  might  show  that  the  span  length  for  equal 
cost  does  not  exceed  2,700  feet,  no  matter  how  high  may  be  the  alloy  of 
steel  used.    It  seemed  hardly  v/orth  while  to  8iK?nd  much  time  in  figuring 


I 


«T  *0    ^  *»  J 

Fio.  13*.    Diagram  of  Main  Span  Lengths  of  Eiqual  Cost  for  Combined  Railway 
and  Highway  Cantilever  and  SuajKMision  Bridges. 


upon  this  question  before  a  high  alloy  of  steel  .satisfactory'  for  long-span- 
bridge  building  is  found;  nevertheless,  as  a  matter  of  curiosity,  it  was 
decided  to  test  a  main  span  length  of  2.900  feet,  for  steel  having  an  ela.stic 
limit  of  80,(XX)  poimds  per  s<]uare  inch,  and  assuming  that  the  cost  of  that 
metal  in  place  is  9  cents  per  pound. 
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The  oompanitive  figures  of  cost  for  tbe  two  struotures  proved  to  be  sa 
foOows: 

Cantilovc^r  bridge  $15,720,000 

SusjK'iision  bridge   15,233,000 

However,  had  the  price  of  the  alloy  steel  been  taken  at  8  cents  per  pound 
the  Bame  as  for  nickel  steel,  the  coet  estimates  would  have  been  as  foUows: 

Cantilever  bridge  $14,448,000 

Suspension  bridge   14,856,000 

As  these  last  figures  reverse  the  previously  found  economics  of  the  two 
^ypeSy  it  is  evident  that  for  bridges  of  high-alloy  steels  the  span  length 
for  equal  cost  is  vitally  dependent  upon  the  pound  price  of  the  said  alloy 
steel,  the  lower  it  is  the  more  favorable  is  it  to  the  cantilever  structure. 
In  view  of  the  fact  that  at  present  no  one  has  any  idea  of  what  the  cost 
per  pound  will  be  for  high-alloy  steels  us<h1  in  future  long-span-bridge 
construction,  it  will  Ix'  well  to  adopt  toinjKirarily  as  correct  tlic  author's 
before-mentioned  sunnise,  viz.,  that  in  alloy  st^M'I  i)ri(iges  carrj-ing  railway 
loads  only,  the  span  length  for  equal  cost  is  that  for  which,  in  the  can- 
tile  \(>r  bridge*  there  arc  requiied  4|  pounds  of  metal  to  sustain  1  pound  of 
live  load. 

The  author  recognizes  that  a  change  in  the  assumed  conditions  would 
modify  s<jniewhat  all  the  previously  foimd  span-lengths  of  e<iual  cost  for 
both  carlnm-steel  antl  nickel-steel  bridges;  l)ut  he  tloes  not  In^ieve  that 
the  variation  will  l>e  material— say  not  to  exceed  2  or  3  pvr  cvnt  in  any 
case  for  any  one  fundamental  change,  or  5  ])er  cent  for  any  jirobable  com- 
bination of  changes.  For  instance,  if  the  main  piei-s  rest  on  ])iles  insteail 
of  going  to  bed  rock,  this  will  militate  a  little  against  the  sus}>ension  struc- 
ture, increa.sing  slightly  the  span  length  for  equal  cost.  The  sjime  effect 
occurs  if  the  pound  price  for  steel  cables  Ix'  increa.si'd  without  clianging 
the  pound  prices  for  the  other  metals,  and  vice  vei-sa. 

If  the  unit  ])rices  for  substructure  be  decrejus<>d,  the  result  will  be 
favorable  to  tlie  suspension  bridge,  becau.^e,  while  the  main  piers  will  be 
affected  alx)Ut  alike,  there  will  be  a  greater  saving  in  the  anchorages  of  the 
susi^ension  bridge  than  in  the  anchor  piere  of  the  cantilever  structure. 
Let  us  see  what  effect  it  would  have  to  reduce  the  prices  of  all  concrete 
work  fi.ve  dollars  per  cubic  yard,  thus  bringing  them  close  to  the  lowest 
limits  for  tmly-firstpclasB  constructum  that  have  existed  in  periods  of 
national  depression. 

In  the  raiboad  bridges  of  2,700  feet  span,  the  reduction  in  total  cost  of 
substructure  would  be  $473,000  for  the  cantilever  bridge  and  $928,000  for 
the  suspensibn  bridge,  making  the  total  costs,  respectively,  $14,796,000 
and  $14,330,000.  IMorming  the  corresponding  reduction  in  prices  of 
substructure  for  the  2,400^oot  spans  gives,  for  the  total  costs,  respectively, 
19,877,000  and  $11,196,000.  Plotting  these  points  on  a  cross-section 
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diagram  and  joining  them  properly  by  very  slightly  curved  lines  shows 
that  the  span  length  of  equal  cost  is  reduced  from  2,700  feet  to  2,640  feet. 
This  is  no  material  amount,  indicating,  as  it  does,  a  variation  of  only 
2^  per  cent. 


The  pfTOoeding  was  written  in  the  summer  of  1918.  A  year  later  the 
author  was  called  in  by  some  prominent  citisens  of  Detroit  to  make  a 
study  of  the  goveminfr  oonditions  for  a  proposed  highway-andrstreet- 
railway  bridge  over  the  Detroit  River,  pnictically  on  a  line  joining  the 
businea^  centers  of  the  cities  of  Detroit  and  Windsor,  and  to  determine 
upon  the  best  type  of  structure  to  adopt.  A  few  days  of  investigation 
led  to  the  conclusion  that  a  single  span  of  2,5(M)  feet,  crossing  the  entire 
river  in  the  clear  l>etween  harbor  lines,  would  he  obligator}^;  and,  accord- 
ingly, the  layout  and  the  ai)proxinuite  cost-<'alculation.s  were  made  for  a 
susjM'iision  bridge.  It  became  necessary  to  obtain  pound  prices  for 
structural  metal  (both  nickel  stt^el  and  carbon  steel)  and  wire  cables  in 
place;  and  the  following  values  were  found: 

Gaifoon  steel  erected   7.0^  per  lb. 


The  last  figure  was  simply  staggering!  Surely,  such  an  enormous 
price  can  only  temporar>',  for  tlie  great  difference  between  it  and  the 
other  two  figures  is  alt(tgetlier  illogical.  Nevertheless,  it  shows  the  pos- 
sil)ility  of  an  abnormal  price-condition  existing  long  enough  to  affect  tem- 
])oi;uily  the  econonu'cs  of  cantilever  and  su.sjx'U.sion  bridges.  It  is  not 
\ikv\y  that  there  can  ever  b<'  a  worse  condition  than  the  one  at  present 
governing;  con8e<juently,  the  author  has  recast  for  existing  unit  prices 
the  estimates  of  cost  made  for  the  preceding  investigation,  and  has  found 
the  following  results: 

The  span  of  equal  cost  for  highway  britlges  has  been  advanced  from 
1,(X)0  feet  to  exactly  1,200  feet;  that  for  the  particular  combined  bridges 
investigated  has  been  increased  by  170  feet;  but  that  for  the  stiam 
railway  bridgies  has  been  augmented  only  60  feet.  The  reason  for  the 
smaller  increase  in  the  last  case  is  that,  in  cantilever  structures  the  weight 
curves,  and  consequently  the  cost  curves,  rise  very  rapidly  at  a  span  of 
2,700  fesi,  because  such  a  length  is  really  a  little  beyond  the  truly  prac- 
ticable limit  for  that  s^le  of  bridge. 

TImbs  variattcms  are  somewhat  greater  than  the  maadmum  whieh  the 
author  anticipated  when  writing  his  pai>er ;  but  at  that  time  he  never  would 
have  deemed  it  possible  that  sudh  a  great  variation  in  unit  prices  of  struo- 
tural  steel  and  wire  cables  could  hold  as  that  which  exists  to-day;  nor 
does  be  now  consider  it  possible  that  it  can  be  made  to  last  for  any  great 
length  of  time. 


Addendum 


Nickel  steel  erected 
Gables  erected  


9.0^  per  lb. 
23.0jS  per  lb. 
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In  making  tho  Detroit-Windsor  Bridge  study,  a  practical  proof  was 
ffvesk  of  the  UHofulneas  of  the  paper.  No  copy  of  "Bridge  Engineering" 
was  available  for  making  an  estimate  of  the  cost  of  the  suspension  bridge 
and  its  approaches,  but  a  copy  of  the  pa]X'r  was  at  hand;  and,  as  a  rough 
estimate  was  required  ininicdiatoly,  the  f()llf)wing  proccfiure  was  adopted, 
it  being  recognized  at  the  out.^ct  that  all  the  assumptions  made  therein 
were  upon  the  side  of  safety,  and  that,  consequently,  the  resulting  figures 
of  cost  would  be  somewhat  i(K)  great: 

Referring  to  Fig.  the  curve  for  c(xsts  of  susj^ension  bridgc\s  was 
extended  on  an  enlarged  tioss-sectioii  slicct  to  a  span  of  1,700  feet,  at 
which  length  the  spans  on  Fig.  l.'k  begin.  Ths  cost  thus  found  wa,s  nml- 
tiplied  by  the  ratio  of  the  total  couibincd  clear  widths  of  roadway  and  side- 
walks for  the  two  structures  coiisi<U>i(  (L  and  the  product  was  nuiltiplied 
by  the  average  of  the  ratios  of  the  unit  casts  of  all  sul>structure  and 
suix'rstructure  materials  in  place  for  present  conditions  and  the  condi- 
tions assumed  in  the  paper.  Then,  n^ferring  to  I'ig.  KV,  it  was  noted 
that  the  cost  of  a  2,500  foot-.span  su.spension-bridge.  and  it.s  approaches 
is  almost  exactly  double  that  for  a  similar  l,7(X>-foot  span  with  its 
approaches;  hence  the  cost  ju.^t  found  was  doubled,  and  to  the  result 
were  added  the  cost  of  the  entire  fl(M)ring  from  eiit  ranee  to  exit  of  structure, 
an  allowance  for  the  greater  length  of  the  apjjioaches  involvcfl,  and  tiie 
approximate  cost  of  either  elevators  or  an  escalator  and  a  stairway  at  the 
Detroit  approach. 

Later,  a  more  exact  estimate  of  cost  was  made  from  the  various  data  in 
"Bridge  Kngini'ering,"  the  result  being  some  5  jH'r  cent  less  than  that  of 
the  first  approxinuition.  This  more-exact  esthnate  was  computed  in  a 
single  working  day.  Without  the  aid  of  the  book  mentioned,  it  would 
probably  have  required  as  many  weeks  of  figuring  as  it  actually  took  hours 
thereof,  in  order  to  obtain  results  of  ecjual  accuracy. 

In  the  Apj)endix  to  the  original  paper  there  are  given  five  pages  of 
estimates  of  cost,  covering  fourteen  structures  out  of  the  twenty-five  that 
were  computed.  It  has  not  been  deemed  worth  while  to  reproduce  them 
in  this  treatise;  for  probably  they  would  not  be  of  much  interest  to  any 
leader.  If»  though,  anyone  desires  to  see  them,  he  can  do  so  cooaolting 
the  TrantaoUma  of  the  Western  Society  of  Engineers. 


Digitized  by  Google 


CHAPTER  XIV 


lOONOiaCB  OF  BBIDQB  AFFB0A0BB8 

The  nemwmicB  of  ajqnoaohfis  to  faridgee  will  Involve  the  questioii 
idiether  H  best  and  cheapest  to  biiiki  earth  embaidaim^ 
steel  viaducts,  reinforoed-conorete  viaducts,  or  any  combination  of  these, 
and  at  what  hetghts  it  would  pay  to  change  from  one  type  of  constniction 
to  another. 

Id  detennintng  the  economics  of  the  different  kinds  of  stractuie  it 
does  not  suffice  to  compare  mer^  their  first  costs;  for  it  is  necessary  to 
take  into  account  the  items  of  depreciation,  maintenance,  and  repairs  1^ 
computing  the  annual  expenses  for  these,  finding  the  sums  of  money 
which,  at  the  governing  rate  for  simple  interest,  would  produce  these 
annual  amounts,  and  adding  the  results  to  the  first  costs. 

In  certain  cases  it  might  not  be  best  to  adopt  the  theoretically-economic 
kind  of  structure,  because  the  requisite  funds  for  building  it  may  not  be 
available;  and  in  such  cases  the  cost  of  renewals  should  receive  due  con- 
sideration by  taking  cognizance  of  the  probable  increase  in  the  future 
prices  of  perishable  materials,  such  as  timber,  as  well  as  of  the  special 
danger  to  the  structure  from  fire  or  washout  due  to  the  employment,  either 
permanent^  or  tenipr)rftrily,  of  such  inferior  constnirtion.  As  indicated 
in  a  previous  chapter,  the  danger  from  fire  t«  a  stnuturc  hiiilt  either 
wholly  or  partially  of  timber  is  a  serious  matter.  It  may  Ix^  permissible 
under  certain  conditions  to  risk  losing  an  approach  to  a  bridfjc  by  citlier 
fire  or  ficKxl;  but  if  the  danger  extends  also  to  the  main  structure,  the 
cheapening  expedient  is  not  |M'rniissible. 

Ajiain,  dno  consideration  should  l)c  given  to  the  question  of  tlic  cxjM'iise 
caused  by  the  int('rntj)ti()n  of  traffic  by  ])utting  out  of  coniniission  cither 
one  or  both  of  the  apinoaches.  nenerally  s|>cakinfz;,  it  d<x\s  not  pay  to 
take  any  chanc(«  of  even  teni])()raiy  disaster  to  the  stnicture;  but,  as 
before  jxiinted  out,  it  sometimes  apiwai^s  to  ix*  unavoidable. 

In  the  case  of  embankments  when  earth  is  expensive  at  the  outset  and 
can  Ix'  brought  to  the  site  nnich  more  cheaply  after  the  l)ridpe  is  finished 
and  the  railroad  line  that  it  carries  is  in  op<'ration.  it  will  generally  pay 
to  build,  as  inexjM'nsively  as  possil)le,  a  timb<'r  trestle;  antl  later,  just 
before  it  begins  to  need  exjM'nsive  repairs,  fill  around  it  and  construct  an 
embankment  by  dumping  earth  from  above  by  means  of  a  construction 
train. 

118  ^  , 
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^  There  is  an  eoonoiiiic  qaflBtkm  oonoerniiig  wmhankmepte,  not  at  all 
diflkuh  to  settle,  which  enete  when  the  ni^itoC-my  k  eKpenaive;  and 
that  IB  whether  it  is  praferable  to  use  wide  banks  with  the  natural  side- 
slopes  or  to  build  concrete  side^waOs  and  thus  diminish  the  area  to  be 
oecupied.  The  only  proper  way  to  deteraaine  the  economics  in  this  case 
is  to  make  a  complete  estimate  ol  cost  for  each  layout,  based  upon  cuneni 

J prices  of  materials,  labor,  and  rigjht^-way. 
Occasionally  in  an  engineer's  practice  there  arises  the  eoooomic  ques- 
tion whether  it  will  be  better  to  build  an  expensive  abutment  with  wing- 
walls,  and  possibly  also  toe-walb,  or  an  inexpensive  buried  pier  with  looser 
superBtruoture  and  with  lip-rap  protection  along  the  end  and  sides  of  the 
embankment.  In  most  cases  the  latter  will  prove  the  more  economic, 
•  but  that  such  is  the  case  should  never  be  assumed  without  ™*^""g  accurate 
comparative  estimates.  With  subetantial  bank  protecUon  ihat  no  flood 
is  laktAy  to  wa^sli  out,  the  expedient  of  the  buried  pier  is  a  perfectly  legiti- 
mate one,  and  the  construction  invol/ed  by  its  use  can  properly  be  deemed 
first-dass.  . 

The  choice  l)etween  a  stci  l  trestle  and  a  reinforced-ooncrete  Nestle  for 
an  approach  should  always  be  determined  by  including  in  the  comparing 
estimates  of  cost  the  equivalents  for  depreciation,  maintenance  and 

rq[MUl8,  giving  a  substantial  preference  to  the  concrete  layout  because  of 
the  possibility  of  future  deterioration  of  the  steel  due  to  neglect  of  painting. 

As  indicated  on  pape  1193  of  "Bridge  Engineering"  there  are  given  in 
Chapters  53,  55,  and  56  of  that  treatise  a  large  number  of  tables  and  dia- 
grams, by  means  of  which  can  be  quickly  computed  the  costs  of  the  em- 
bankments, timber  trestles,  steel  viaducts,  reinforeed-concretc  viaducts, 
retaining  walls,  abutnieiits,  and  culverts  which  may  he  nee<led  in  esti- 
mnting  the  cost  of  approaches  to  bridges.  From  these  data  tlirre  can  al^o 
be  foiitid  very  easily  the  coiniiarative  economics  of  plain  and  reinforced 
concrete  for  l)uililiii^  retaining  walls  and  abutments. 

It  is  sometimes  tlu*  eas<^  that  in  the  ap])roaehes  to  a  proposed  britlge 
there  would  b<'  a  variation  in  tlie  total  cost  of  right-of-way  and  property 
damjiges  by  adopting  ditTerenl  kinds  of  construction  therefor,  hence 
this  matter  should  always  receive  tlue  considc  ration.  One  of  the  most 
effective  methods  of  economizing  on  t}ies(>  items  is  to  substitute  a  spiral 
approach,  such  a,s  mentioiu'd  on  })age  lOTti  of  ''Bridge  Engineering."  for  the 
usual  straight  trestle.  While  the  construction  costs  of  the  two  t^^K'S  do 
not  ditTer  materially,  if  the  i)ro|)erty  occn))ie<l  or  damaged  be  ver>*  valuable, 
a  great  saving  can  .sometimes  he  secured  because  of  the  comparatively 
small  and  compact  area  recjuired  for  the  spiral.  Moreover,  it  is  some- 
times practicable  to  construct  ;i  building  in  connection  with  the  latter, 
that  will  hrinir  in  such  large  n  nt.ils  ii8  more  than  to  wipe  out  all  costs  for 
right-of-way  and  property  damages. 

^  In  general,  it  may  be  stated  that  timlx-r  trestle  is  the  cheapest  kind  of 
approach,      far  as  first  cost  is  concerned,  excepting  for  small  heights,  but 
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that  its  upkeep  and  replacement  are  exix^nsive.  If  funds  for  the  con- 
struction are  Umit<'d,  it  may  \>e  lH\st  to  adopt  timlM'r  trestle-work  in  spite 
of  its  being  ultimately  uneconomic,  with  the  expectation  of  saving  from  the 
traffic  r(H'('ipt,s  enough  money  to  substitute'  later  on,  when  replacement 
becomes  necessary,  the  most  desirable  type  of  construction. 
\J  Of  the  {H'niuineiit  tyiK's  of  approach,  the  cmljankmeut  is  the  cheapest 
where  the  profK'rty-cost  is  little  or  nothing,  excepting  when  the  grade  line 
is  very  high  or  the  earth  difficult  to  ol)tain  and,  therefore,  expensive. 

When  property  is  costly  or  side  sloi)es  are  not  permitted,  it  is  economic 
for  (*oin])  iratively-low  grade-levels  to  adopt  earth  embankment  between 
retaining  walls. 

As  the  height  increases,  it  l)ecomes  cheajXT  to  ]>ass  from  embankment 
t<y  trestlework ;  and  the  point  of  division  is  not  difficult  to  detenuine  when 
there  are  no  side  walla,  but  when  t  hese  are  requisite,  it  will  l)e  necessary, 
as  previously  mentioned,  to  make  the  determination  by  actual  cost- 
estimates.  The  wider  the  approach  is  at  grade  surface,  the  greater,  for 
economy,  will  be  the  limiting  height  of  embankment. 

For  low  trestles  of  pennanent  constniction,  reinforced-concrete  will 
gi'nerally  prove  economic,  but  for  high  ones  it  will  be  found  necessary  to 
employ  steel 
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DETEBMU4ATION  OF  LAYOUTS 

The  dctomiinalion  of  the  best  jK)«.sil)lc  layout  for  any  proposed  structure 
is  truly  an  et'onoinic  prohlcni,  notwithslanding  the  fact  that  many  of  the 
considerations  which  influence  it  may  n(»t  Ix^ar  directly  on  the  (juestion  of 
cost.  It  is  one  of  the  most  important  K  sponsibilities  in  the  province  of  the 
bridge  engineer,  and  to  do  the  work  in  tlie  most  clTcctivc  manner  possible 
demands  a  wide  ex|x^rience,  coupled  witii  f^ood  jutlf^ment  and  the  ability  to 
foresee  eventualities  over  a  lon^i;  })eriod  of  years.  The  general  idea  tliat  the 
best  possible  layout  is  the  one  which  makes  the  first  cost  f)f  stnioture  a 
mininumi  is  a  fallacy;  for  there  are  many  other  considerations  besides 
economy  in  initial  expenditure  that  are  of  great  importance.  The  follow- 
ing is  a  fairly  complete  hst  of  the  various  items  which  should  be  carefully 
considered  before  scuttling  finally  ui>on  the  layout  of  grades,  clearances, 
span-lengths,  character  of  substructure,  and  tyix?  of  superstructure  to 
adopt.  This  is  a  long  list,  but  it  must  be  remembered  that  it  Ls  intended 
to  cover  all  the  considerations  for  all  cases,  and  that,  probably,  only  a  few 
of  the  items  will  apply  to  an>'  particular  case. 

List  of  Factobb  and  Ck>NDinoNB  Affectinqthe  Layouts  of  Bridges 

A.  Government  Requirement.  |  I.  Stream  Conditions. 

B.  Grade  and  Alignment.  J.  Foundation  Considerations. 

C.  Geographical  Conditions.  2.  K.  Navigaticm  Influences. 

D.  Commercial  Influences.         g  L.  Construction  Facilities. 

E.  Property  Considerations.  M.  Erection  Considerations. 

F.  General  Features  of  Stmcture.ip'  N.  ^ASsthetics. 

G.  Future  Enlargement.  O.  Maintenance  and  Repairs. 

H.  Time  Considerations.  5^  P.  Economics. 

While  there  is  an  attemj)t  at  logic  in  the  arrangement  of  the  preceding 
list  on  the  combined  lines  of  natuial  secjuence  and  comi)aralive  importance, 
it  is  im])ossible  to  state  in  advance  for  any  particular  case  or  class  of  cases 
which  are  t  lie  items  that  should  receive  the  most  consideration.  £acil  item 
will  be  taken  up  and  discussed  in  the  order  adopted  in  the  list. 

J        Government  Uequirements 
Id  V 

In  Chapt^t  iDf  "Bridge  Engineering"  the  requirements  of  the  United 
States  Govenu^^t  regulating  the  bridging  of  navigable  streams  are  treated 
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at  length.  Neither  the  Federal  Government  nor  any  of  the  State  Govern- 
meatBi  however,  concern  themselves  with  the  bridging  of  streams  that  are 
not  navigable,  unless  it  happen  that  suit  against  the  builder  or  the  pro- 
posed builder  of  the  bridge  be  instit  utitl  in  either  a  State  or  a  Federal  Ck)urt, 
wheUi  of  course,  the  law  will  be  concerned. 

The  War  Department  nearly  always  confines  its  attention  to  a  few 
•salient  features  of  any  proposed  crossing  of  a  navigable  stream,  viz.,  the 
span-lengths,  the  clear  waterway  for  navip;ation,  the  angle  of  skew  (if  the 
crossing  be  not  square),  the  position  of  the  movable  span  or  spans  (if  there 
be  any),  the  clear  headway  above  high  water  for  both  the  movable  and  the 
fixed  spans,  the  character  and  the  dimensions  of  the  draw  projection,  and 
the  amount  of  obstruction  to  the  flow  of  water  caused  by  the  piers— espe- 
cially those  jKirts  tiiereof  below  low-water  mark. 

In  spite  of  the  fact  that  the  War  Department  has  certain  rules  for  deter- 
mining the  span-lengths  for  crossing  various  navigable  rivers,  the  said  rules 
are  mon*  or  less  I'lastic;  hence  it  will  generally  pay  any  consulting  bridge 
engineer,  or  other  engineer  wlio  intends  to  bridge  navigable  water,  to  con- 
sult first  with  tlie  local  engineer  of  the  Government  who  has  charge  of  the 
district  in  which  the  pro]K)sed  stiucture  is  located,  and  later,  if  necesv^ary, 
with  headcjuarters  at  Washington,  in  order  to  settle  as  to  what  the  exact 
requirements  of  the  Government  ^^ill  l)e.  Oft«n  by  stating  one's  case 
clearly  and  logically  one  can  pei-suade  the  authorities  to  ease  up  on  some 
regulation  that  appears  to  l>e  unnecessarily  strenuous  or  severe.  Vot 
instance,  the  relation  between  the  widths  of  clear  openings  required  for 
swing  spans  and  bascules  or  vertical-lift  spans  is  a  matter  that  has  never 
been  finally  (Ictermined  by  the  Department,  each  case  as  it  arises  being 
solved  on  it,s  own  merits. 

Again,  if  the  limiting  length  of  span  set  by  the  Government  does  not 
exactly  fit  a  crossing,  one  has  to  put  in  a  shorter  span  at  one  end  of  the 
bridge,  or  to  increase  equally  all  the  span-lengths,  or  else  to  obtain  permis- 
sion to  decrease  them  equally.  If  the  decrease  be  small,  it  is  sometimes 
practicable  to  obtain  the  consent  of  the  Department  to  the  adoption  of  the 
shortened  span-length. 

In  tile  ctm  that  the  grade  of  a  bridge  is  so  km  as  to  bring  the  clearance 
line  too  dose  to  the  devation  of  high  water  to  meet  the  Ckyvenunent 
reqidreiiientB,  it  is  sometimes  ixissible  to  persuade  the  Depattmoit  to  per- 
mit an  encroachment;  but  to  do  so  would  certainly  be  bad  policy,  for  the 
limit  set  by  the  United  States  Engineers  is  adjusted  about  right  to  provide 
safety  from  passing  drift 

In  respect  to  the  position  of  the  movable  span,  the  broad  statement  can 
be  made  that  its  mid-length  dioald  coincide  with  the  deepest  part  oi  the 
channel,  but  there  are  occasional  exoeptioiis  to  the  rule,  notably  when  the 
channel  is  not  permanent,  or  where  it  can  advantageously  be  shifted  by  a 
little  4ykinff>  Permission  to  do  such  shifting  and  to  locate  the  movable 
span  aeoordingly  would  have  to  be  obtained  from  the  War  Department. 
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The  liittcr  may  have  sonioihin^;  to  say  alM)Ut  the  angle  of  skew,  as  the 
United  St^ites  Engineer  Corj^s  always  jidvocates  n  sfjjuare  crossing;,  if  it  l)e 
prpctioable;  hence  the  bridge  engineer  who  desires  to  obtain  approval  for  a 
bridge  on  a  skew  of  any  magnitude  must  Ix;  prepnrefl  to  show  gootl  retison 
for  his  HMjuest;  and  even  then  it  may  not  be  granted,  iH'causc,  like  the 
author,  the  Government  engineers  look  upon  a  skew  bridge  as  an  abom- 
ination. 

While  the  Departnient  does  not  i)ay  much  attention  to  the  character  of 
the  draw  ])r(>tect  ion,  it  is  likely  to  insist  that  it  be  not  omitted  and  that  its 
dimensions  1h'  siitisfactor>'. 

Ordinarily,  also,  it  does  not  concern  itself  with  the  dimensions  of  the 
substructure;  but  sometimes,  esiH'cially  in  case  of  a  skew  bridge,  objection 
is  raiscxl  to  placing  tcx)  much  rii>-rap  around  the  piers  and  thus  obstructing 
the  flow  of  water  in  the  cliaimel. 

Grade  and  Auqnment 

In  most  cases  the  grade  and  the  alignment  of  the  railroad  or  travehray 
are  determined  before  the  bridge  engineer  is  called  in,  but  sometimes  it  is 
otherwise;  and  there  arise  occasionally  conditions  which  compel  a  con- 
scientious bridge  specialist  to  insist  upon  a  change  in  either  the  grade  or 
the  alignment— or  in  both. 

The  ideal  way  to  adjust  the  grade  on  m  structure  is  to  cany  it  over 
imbroken  and,  pieferably ,  level  in  the  caw  of  railroad  bridges,  thus  avoiding 
either  a  sag  or  a  hwnp,  as  either  of  these  objectionable  conditions  invohres 
loss  of  power  due  to  the  climbing  of  unnecessary  grades.  Agam,  any  great 
sag  causes  traction  stresses  and  a  shock  that  mi^t  better  be  avoided,  if 
practicable.  In  a  highway  bridge  this  is  not  so  important,  and  a  rise 
from  ends  to  centre  of  structure  is  permissible,  especially  as  it  fadlitatee 
drainage  and  improves  appearance,  notably  in  long-epan  suBpenaioiH 
bridges. 

The  ideal  aligmnent  for  a  structure  is  not  only  to  have  it  on  tangent 
throughout  its  entire  length,  but  also  to  continue  the  said  tangent  quite  a 
distance  away  from  the  bridge  at  each  end.  Sharp  curves  constitute  an 
invitation  for  derailment;  and  a  derailment  on  a  bridge,  or  near  the  end  of 
one,  is  liable  to  prove  disastrous.  A.  reverse  curve  on  a  structure,  or  on  an 
approach  thereto,  is  not  permissible,  if  it  can  possib^  be  avoided.  Where 
two  curves  in  opposite  directions  come  close  together,  there  should  be  a 
stretch  of  tangent  between  them;  and  when  this  tangent  is  on  a  bridge,  it 
should  l)e  made  as  long  as  possible.  Somethnes  it  is  cntu^y  impracticable 
to  avoid  curvature  on  bridges  and  their  approaches,  as  in  the  case  of  a  nul- 
road  following  the  course  of  a  river  that  runs  l^etwcen  high  banks  and  havvQg 
to  cross  it  from  time  to  time  in  order  to  avoid  heavy  excavations  and  tun- 
neling. In  such  cases  curves  on  the  a]n>n)aches  are  unavoidable,  and  often 
it  is  necessaiy  to  put  a  part  of  even  the  whole  of  the  structure  itself  on  curve. 
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Such  a  general  condition  existed  on  the  line  of  the  Canadiaii  Northeni 
F&cific  Railway  as  it  followed  up  the  Fraser  and  the  Thompson  liverB, 
eroSBing  them  nine  times  with  only  one  .structure  entirely  on  the  square. 

In  some  skew  crossiDgs,  especially  when  the  obliquity  is  small,  it  is 
penniflsible  to  square  the  piers  to  the  structure,  thus  saving  considerable 
masonry;  but  this  practice  kjQot  always  advisable  because  of  the  damming 
of  the  water  hy  the  large  area  of  the  substructure  that  is  opposed  to  the 
current 

The  layout  of  any  bridge  on  a  cmr^e,  or  which  has  its  approaches  on 
curve,  is  greatly  affectetl  by  the  curvature,  in  that  it  has  a  tendency  to 
shorten  the  span-lengt  hs  in  the  effort  to  avoid  excessive  width  of  supeistruo- 
ture  and  uikUio  increase  in  length  of  piers. 

The  determination  of  the  best  grade  to  use  for  the  approaches  to  a 
bridge  is  an  economic  problem  of  major  imjK)rt.  It  is  of  much  more  con- 
sequence in  railroad  lirid^es  than  in  highway  structures,  because  of  the  far 
steeper  g^raries  which  are  iK>rTnissil)le  in  the  latter;  for,  of  course,  the  steeper 
the  gra<le  the  shorter  the  ai)))r()ach  and  the  less  its  cost.  It  is  sometimes 
practicable  to  put  a  grade  on  the  river  spans  of  a  bridge,  hauling  up  to  a 
moval)l(»  s])an  or  to  a  single,  high-level  channel-s])an;  and  this  should 
always  be  done  when  practicable,  notwitlistanding  the  fact  that  the  grade 
may  have  to  lye  less  than  that  allowable  for  the  approaches,  becau.se even 
inches  in  elevation  on  the  land  construction  often  count  materially  in 
detennining  tlu^  length  and  cost  thereof. 

In  railroad  bridges  the  fi.xing  of  the  approach  grades  sometimes  involves 
the  economic  solution  of  the  question  of  a  steep  gratle  with  pusher  engines 
versnis  an  ea.sy  grade  witliout  them.  In  this  case  it  is  necessary  to  add  to 
the  first  cost  of  the  former,  the  fii-st  cost  of  all  the  pusher  engine^}  needed, 
plus  the  ca])italiml  value  of  the  annual  cost  of  their  o|X'ration  and  deterio- 
ration, anti  compare  the  sum  with  tiie  tii-st  cost  of  the  latter.  Moreover 
when  figuring  the  annual  cost  of  operation,  it  is  necessar>'  to  include  therein 
the  annual  expense  due  to  delay  of  trains  caused  by  stopping,  attaching  the 
pushers,  and  regaining  speed. 

Geoqraphical  CONDmOlVB 

Hie  layout  at  a  bridge  is  sometouee  influenced  to  a  oertain  exksA  by 
its  geographical  location,  because  a  structure  suitable  for  the  heart  of  a  city 
might  not  be  appropriate  in  a  countiy  district,  and  vice  verea.  Generally 
the  variation  involved  would  be  a  question  of  aesthetics,  or  possibly  one  of 
flooring,  for  sometimes  it  is  neoeesaiy  to  cover  over  the  dedc  of  a  raflroad 
bridge  so  as  to  permit  it  to  take  care  also  of  highway  traffic.  Inmountain- 
ous  districts  where  the  transportation  of  large,  heavy  pieces  is  tither  very 
ezpenave  or  altogether  impracticable,  the  layimt  would  be  govenied  by  thi^ 
oondition. 
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Commercial  Inf-luences 

The  prinuqial  oommercial  consideration  that  will  affert  the  layout  of  a 
bridge  is  the  amount  and  character  of  the  traffic  of  which  it  will  have  to  tako 
oaie.  If  there  is  a  variety  ol  traffic,  such  as  steam  railway,  electric  railway, 
wsgjOUf  and  pedestrian,  considerable  attention  must  be  paid  Xo  the  questicMl 
of  how  best  to  take  care  of  all  probable  combinations  of  the  different  kinds. 
Much  money  can  be  saved  for  a  client  by  a  bridge  enfrineer  who  knows  how 
to  handle  the  question;  and  much  can  Ijc  wasted  by  one  who  is  not  properly 
posted  on  this  important  sul»ject.  An  indisputable  prtx)f  of  the  cori*ectness 
of  the  latter  statement  is  furnislied  by  the  notorious  case  of  a  projxjsed 
bridge  to  cross  the  Second  Narrows  at  Vancouver,  B.  C.  In  that  layout 
thrcH'  raihvav  tracks  were  adoptetl  where  two  wtnild  have  serve<i  th(»  pur- 
pose equally  well,  with  the  result  that  the  estimatetl  cost  of  tlie  strncture 
was  increased  about  seven  hundred  and  fifty  thousand  dollars.  Mnd  the 
proj(>ct,  in  consequence,  was  either  killed  or  relegated  for  coDSUUUuation  to 
the  dim  and  distant  future. 

Pbop£rty  Considekations 

Property  considerations  wnrnMimiw  have  a  far  greater  effect  on  the  lay- 
out of  a  structure  than  is  at  all  legitimate.  For  instance,  in  the  case  of  the 
Northwestern  Elevated  Railroad  of  Chicago,  engineered  by  the  author  in 
the  early  nineties,  certain  high  prices  for  land  caused  the  company  to  lay 
out  such  a  crooked  line  as  to  interfere  materially  with  the  attainment  of  ft 
satisfactory  train  velocity.  Refusal  of  property  owners  to  allow  the  con- 
struction of  piers  or  pedestals  on  their  land  will  often  oblige  an  engineer  to 
adopt  an  unduly  long  span,  or  even  an  entirely  different  type  of  construc- 
tion from  the  ordinary.  Again,  the  necessity  for  occupying  ft  certain  cily 
street  will  sometimes  chanjie  entirely  the  character  and  layout  of  an 
approach  to  a  bridge,  and  it  might  affect  even  the  layout  of  the  l)ri(lge  itself. 
The  method  of  crossing;  a  railroad  track  at  the  entrance  to  a  bridge  might 
alter  fundamentally  the  tATie  of  structure,  a  low  bridge  with  an  opening 
span  l)eing  adopted  if  iho  crossing  be  at  grade,  and  a  high  bridge  with  fixed 
spans  if  it  be  overhead.  Public  improvements  sometimes  cause  material 
mollifications  of  plans  for  proposed  bridges;  and  even  project<Hl  improve- 
ments with  prior  ritrhts  are  liable  to  cause  troublesome  interference.  The 
author  has  latel>  eucouutci-ed  obstructive  opposition  of  this  nature  on 
a  big  bridge  project. 

General  Featubes  of  Stbuctubb 

The  question  of  whether  through,  deck,  or  half-through  trass  flpaoB  or 
girders  are  adopted  is  one  that  will  radically  affect  the  layout,  but  mainly 
in  the  line  of  economics,  because  deck  structures  in  most  cases  involve  a 
saving  (rf  expense  in  both  substructure  and  superstructure,  in  that  the 
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piers  arc  flhorter  than  those  for  through  or  haU-throagh  spans,  and,  gcn- 
enUy,  the  spans  are  narrower,  thus  causing  a  saving  of  metal  in  both  the 
eroBfr-girders  and  the  lateral  bracing.  The  clear  headwi^  VM|llirad| 
eqiedaUy  for  shurt  spans,  is  likely  to  influftnne  the  layout  more  or  less. 

The  possibility  of  using  buiied  pm  and  protecting  the  feet  of  the 
embankments  near  them  by  rip-rap  will  not  only  affect  the  physical 
appeaianoe  of  the  bridge,  but  also  it  will  nuxlify  the  eoonomins  of  the 
OTOflsing. 

In  case  a  bridge  is  to  cross  a  navigable  stream,  the  layout  of  spans  will 
depend  primarily  upon  whether  a  s\v'ing,  bascule,  or  vertical-lift  span  is 
adopted  for  the  opening.  If  a  swing  is  employed,  it  will  generally  require 
an  expensive  draw  protection,  while  for  a  biuscule  or  a  vertical  lift  some 
comparatively  iiiex{K;nsive  dolphins,  either  with  or  without  chei^  fender- 
walls  of  sheathed  piles,  will  sufhce. 

The  possibility  of  building  an  arch,  a  cantilever, Or  a  susjM-iision  l)ridge 
instead  of  a  simple-span  structure  would  affect  the  layout  in  many  ways — 
physically,  jBSthetically,  atid  oconomically. 

Again,  the  mat^^rial  adojitcd  for  construction — whether  masonry,  con- 
crete, steel,  or  timlRT— will  have  a  similar  influence. 

The  nmtter  of  shore  protection  is  not  likely  t()  affect  directly  the  lavout 
for  a  bridge,  although  its  use  certainly  dws  increji.se  the  total  cost;  but 
it  might  be  the  nnusou  for  shifting  the  eros.sing  to  a  location  where  the 
bank  is  better  protected  by  nature  against  scour. 

Finally,  the  layout  is  affected  by  the  character  of  tlie  approaches;  for 
they  may  be  of  earth  ('nil)ankment,  timber  or  pile  trestle,  steel  viaduct,  or 
reinforced-concrete  girdei's  or  arches. 

FUTUBB  EtNLABOKMENT 

The  possibility  of  future  enlargement  of  structun;  ought  to  receive 
consideration;  and  if  it  Ik'  decided  that  it  is  at  all  probable,  a  study  of  the 
layout  shoultl  Ix;  made  so  as  to  determine  how  best  to  accomplish  such 
enlargement  when  the  time  cornea  for  so  doing.  The  points  to  consider 
are  whether  it  will  be  best  to  build  an  entirely  separate  new  bridge  close 
alongside,  or  to  put  a  double-track  superstructure  on  the  old,  single-trade 
piers  by  enlarging  them  or  expanding  their  tops,  or,  at  the  outset,  to  put 
in  large  piers  and  build  the  supcrstruetuie  in  sodi  a  maimer  that  the 
trusses  oan  be  doubled  in  the  fkiture. 

Again,  it  would  frequently  be  good  engineering  to  provide  at  fint 
only  the  floor  (Bystems  necesaaiy  to  suffice  for  traffie  requirements  at  the 
ootaet,  but  to  design  the  trusses  and  substructure  so  tiiat  additioiial 
roadways  and  tracks  can  be  added  in  the  future  when  needed. 

TXMB  CONBIDERATIONB 

The  time  alkmed  for  completing  the  substructure  or  the  supentructure 
or  the  whole  bridge  may  affect  the  layout,  for  it  is  understandable  that  a 
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certain  typo  of  structure  could  \)e  built  in  a  certain  limited  time  while 
another  tyjx*  of  structure  could  not.  Again,  the  length  or  shortness  of 
the  working  season  that  is  entirely  free  from  danger  of  washout  of  false- 
work could  he  a  sufficient  reason  for  changing  materially  the  layout — for 
instance,  by  necessitating  pin-coimected  spans  instead  of  riveted  ones,  or 
steel  truss-spans  instead  of  concrete-arch  ones,  or  semi-cantilevermg  of 
oertaiu  spans  instead  ol  falsework  erection  throughout. 

^  Stream  Conditions 

The  various  influences  of  the  stream  that  Is  to  he  crossed  are  more 
potent  than  moet  other  factors  in  affecting  the  layout.  The  high-water- 
and  the  low-water^levatioos  are  important  features  in  the  designing 

of  the  piers;  the  amount  and  character  of  the  drift  detemiine  the  wiinimiifn 
vertical  distance  between  high  water  and  the  bottom  of  the  8Uperstructtiie» 
and,  therefore,  aid  in  settling  the  pier  height;  and  the  amount  and  con- 
sistency of  the  passing  ioe  oonstitute  an  important  factor  in  the  design 
of  the  piers,  especially  in  respect  to  their  length  and  the  character  of 
their  end  finish;  and  any  increasing  of  the  cost  ctf  the  piers  tendsy  for 
economic  reasons,  to  lengthen  the  spans. 

The  cle^r  watenvay  rcciuircd  to  i)ass  the  prol)al)le  maximum  flood  will 
often  settle  the  total  length  of  structure;  and  it  may  result  in  raising  the 
high-water  mark  that  was  detenuincfl  in  s<jme  other  niaiiiier.  The  profile 
of  the  river-bed  and  the  prol)al)le  scour  of  the  materials  of  whicli  it  is 
composed  are  likely  to  affect  the  layout,  especially  if  the  piers  re(juire 
exi)ensive  jjrotection  of  mattress  work  and  rijvrai)  to  check  the  said  scour. 
The  frequency  and  extent  of  the  floods  will  influence  the  cost  of  building 
the  piers — hence  also  the  detennination  of  the  layout — as  will  also  the 
questions  of  rise  and  fall  of  tides,  velocities  of  the  passing  water,  reversal 
of  current,  and  the  existence  or  j)ossil)le  future  building  of  levws. 

A  most  important  factor  is  the  possibility  of  the  iK^nnanent  shifting 
of  the  channel  from  one  side  of  the  river  to  the  other.  If  this  possibility 
exist,  one  of  three  things  nnist  be  done,  viz.:  first,  two  movable  spans  must 
Ix"  provid(Ml;  second,  some  effective  method  of  retaining  the  channel  in 
one  position  nuist  be  arranged  for;  or.  third,  the  design  nnist  Ik'  so  made 
that  any  fix(Hl  span  of  the  structure  may  at  any  time  be  converted  into  a 
vertical-lift  span. 

Foundation  Considerations 

Important  also  in  the  determination  of  layout  are  the  character  and 
the  depth  of  the  substructure  foundation.  The  deeper  the  piers  have  to 
go  the  longer  will  be  the  economic  lengths  of  the  spans.  Again,  the  more 
difl&cult  it  is  to  penetrate  the  materials  overlying  the  bed-rock  or  final 
foundation,  the  greater  the  cost  of  the  piers,  and  the  longer  the  econamic 
spans^  The  ultimate  depths  to  foundation  and  the  materials  to  be  pene- 
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trated  detennine  what  process  of  smking  to  adopt;  and  as  the  cost  of  the 
Bubstnietuie  dependa  upon  the  said  prooeaB,  eo  also  will  the  layout. 

J  Navigation  Inilubnobb 

The  influenoos  of  navigation  that  are  likely  to  prevail  during  the  time 
of  the  coiitnictor'.s  oiKMutions  may  be  of  such  moment  as  to  affect  more  or 
less  the  design  and  the  layout  of  the  structure;  although  this  is  not  very 
likely.  Again,  the  possibihty  in  the  future  of  greatly  augmented  river- 
traffic  may  influence  the  type  of  movable  span  adopted. 

CoiOTRUcnoN  FAciLmiiB 

The  availability  or  otherwise  at  the  bridge  site  of  sand,  gravel,  concrcte- 
8t/)ne,  a  machine  shop  for  repairs,  and  a  reliable  source  of  supplies  for  the 
work  and  workmen,  the  accessibility  or  the  contrary'  of  the  site  from  the 
nearest  railroad  depot  or  siding,  the  leiif^th  and  difficulty  of  wafjon-haul 
or  other  means  of  transportation  of  materials  and  supplies,  tlie  facilities 
for  stH'uring  and  retaining  labor,  and  the  availability  of  supplies  of  tindn'r 
and  piling  all  affect  greatly  the  cost  of  the  substructure  and  to  ]H)ssil)ly  a 
somewhat  less  degree  tlmt  of  the  superstructure — hence  also  the  layout 
of  spans  and  piers.  • 

E^RECTION  CONSIDEltATIONS 

The  diffioultieB  that  may  be  anticipated  for  erection,  and  the  method 
thereof  finaQy  adopted,  whether  l^y  falsework,  cantilevering,  semi-canti- 
levering,  or  flotation,  are  important  factors  affecting  the  layout  of  the 
structure,  as  are  also  the  questions  d  the  maintenaDce  of  traffic  and  the 
leplaoement  of  an  existing  bridge. 

» 

yj  iESBTHETtOB 

Too  often  the  question  of  aesthetics  is  totally  ignored;  but  when  it  is 
given  proper  consideration,  it  may  cause  modifications  in  span  lengths, 
truss  dimensions,  and  shapes  of  piers.  How  much  extra  money  it  is 
legitimate  for  a  bridge  engineer  to  spend  for  the  purpose  of  beautifying 
a  structure  is  a  mooted  pmnt.  It  depends  greatly  upon  the  designer's 
appreciation  of  the  beautiful  in  nature  and  in  art,  as  well  as  upon  the 
elasticity  of  the  client's  purse  and  the  extent  of  the  influence  upon  him 
exerted  by  his  consulting  engineer,  also  upon  the  location  and  surroundings. 
Generally  speaking,  the  best  layout  for  all  the  other  ruling  causes  is  the 
best  also  for  esthetic  reasons;  but  there  are  cases  when  a  little  extra 
expenditure  of  mon^,  time,  and  brains  will  secure  great  improvement  in 
appearance;  and  in  such  cases  the  beautifying  of  the  construction  should, 
if  possible,  be  accomplished. 
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Maintenance  and  Repaibs 

The  cost  of  maintenance  and  pepairs  as  well  as  thai  of  operation  niay 
sometimes  be  a  vital  considoration  afftH  tinj?  the  layout  of  a  structure. 
For  instance,  when  the  Jeffei>*(>ii  City  highway  bridge  over  the  Missouri 
River  was  about  to  be  built,  the  bridge  company,  in  spite  of  the  author's 
forcible  remonstrance,  let  t  lie  contract  for  the  structure  on  the  basis  of  a 
high  bridge  with  a  long  and  exponsive  timber  trestle  approacrh.  Later 
thoy  were  convinced  that  the  annual  expense  of  maintaining  the  said 
trestle  would  bo  so  gn\nt  a,s  to  consume  more  than  the  total  net  income 
from  trafi^c  receipts;  hence  they  had  to  change  to  a  low  bridge  design. 

J  Theoretical  Economics 

From  time  to  time  an  engineer  enoounters  a  bridge  problem  in  wbkh 
the  controlling  factor  in  the  lajyoutdeteimination  is  really  that  of  eoonomics, 
and  then  he  is  happy;  for,  comparalive^  speaking,  the  case  is  a  simple  one. 
A  case  of  this  kind  occurred  in  the  author's  Canadian  Northern  Ftecifie 
Railway  bridge  across  the  North  Thompson  River,  near  Kamloops,  B.  C. 
The  structure  consists  of  a  number  of  deck,  plate-gutkr  spans,  one  of 
which  is  lifted  so  as  to  permit  of  the  .passage  of  small  river  steamers  at 
certain  high  stages  of  water. 

The  requirements  of  esthetics  often  conflict  with  those  of  economics; 
for  it  would  not  look  well  to  let  the  span  lengths  change  backward  and 
forward,  perhaps,  to  suit  the  vagaries  of  an  unusual  bed-rock  profile; 
hence  it  is  best  in  many  cases  to  compute  the  economic  span  length  for 
average  conditions  of  pier  cost  and  to  use  one  length  instead  of  severaL 
It  will  generally  be  found  that  such  an  arrangement  does  not  involve  any 
extra  expenditure  worth  mentioning  when  the  cost  of  structure  for  that 
layout  is  compared  with  that  for  the  truly  economir  one.  The  question 
of  economies,  )i(<\\  pver,  cannot  he  tinally  settled  by  adopting  amply  that 
structure  for  wIik  h  the  initial  cost  is  a  minimum;  because,  as  pointed  out 
previously,  the  tniiy  economic  bridge  is  the  one  for  which  the  sum  of  the 
first  cost  and  the  capitalised  annual  cost  of  operation,  maintenance,  and 
repairs  is  a  mhiimum. 

As  a  conclusion  to  the  general  subject  under  discussion,  in  order  not 
to  discourage  young  engineers,  it  might  Ix;  well  to  niato  that  any  designer 
who,  when  determining  the  layout  for  anj'  large  and  important  bridge, 
can  and  does  give  full  and  due  consideration  t.o  all  the  factors  treated  in 
this  chapter,  is  truly  worthy  to  be  tcniicd  an  expert  bridge  engineer. 
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ECONOMICS  OF  LOADS  AND  UNIT  BTBE88S8 

Th£  determination  of  the  live  loadii^  for  any  propoeetl  structure  is  an 
economic  problem  of  prime  impDrtaiicc;  and  it  often  involves  the  employ- 
ment of  engineering  talent  of  the  highest  order.  As  a  rule,  tliat  loading 
should  be  made  lai^^e  enough  to  take  care  of  the  greatest  moving  loads 
that  may  reasonably  ])c  ox]x^('tod  to  come  oUvn  upon  the  structure  during 
its  lifetime:  and  the  latter  for  a  well-designed,  modern  bridge  is  of 
indehnitely  great  len{»;th,  the  prol)leni  is  by  no  means  an  ea.sy  one  to  solve. 
It  must  l)e  reeofjnized  that  the  occasional  application  of  a  load  exceeding 
by  25  |)er  cent,  or  even  more,  the  one  used  in  making  the  design,  will  do 
no  hann  to  the  structure,  but  that  when  the  excess  reaches  50  per  CGHt 
and  is  applied  oft<'n  the  condition  begins  to  become  serious. 

While  it  is  right  and  pro|x»r  for  an  engineer  to  act  with  precaution  by 
assuming  the  Hve  load  great  enoujih  to  meet  all  likely  continy;t  ncies,  it 
would  be  uneconomic  to  attempt  to  ])rovi(le  for  im])rol)able  or  impossible 
loadiiifis.  Again,  while  it  is  feasible  to  sui)ject  a  short  span  to  a  verj' 
heavy  l()a<ling,  it  is  not  so  in  the  case  of  a  long  one;  and  the  longer  the 
sy>an  the  smaller  is  the  chance  of  its  ever  having  to  carry  an  abnormally 
great  live  load.  This  remark  a))j)lics  more  forcibly  to  hi^jhway  bridges 
than  to  steam-railway  structures;  altliough  it  undoubtedly  liolds  g(K)d  to  a 
certain  extent  for  the  latter,  ]»ecause  it  is  very  seldom  that  long  trains 
are  c{)m))osed  entirely  of  the  heaviest  kinds  of  loaded  cars.  About  the 
only  exception  to  tliis  rule  Is  in  the  ca.se  of  a  structure  on  a  railroad  cariying 
long  trains  of  fully-loaded  ore-cars  or  coal-cars. 

There  is  one  point  in  connection  with  highway  live  loadings  that  is 
of  importance,  viz.,  that  all  new  highway'  bridges  should  be  proportione<l  to 
carry  heavy  trucks.  The  concentrated  loads  caused  by  these  are  so  great 
that  the  old-fashioned  wooden-joist  floors  will  not  be  able  to  carry  them. 
There  is  no  telling  hour  far  from  home  tiiese  exceedingly  heavy  auto- 
trucks will  traveli  so  that  no  out-of-the-way  highway  bridge  will  be  safe 
from  their  invasion.  Again,  it  must  be  remembered  that  auto-truck  kads 
are  rai»d]y  on  the  increase;  hence  one  should  be  liberal  in  his  asBumptkmB 
for  th^  feature  of  the  live  loading. 

In  respect  to  live  loadmg  in  general,  it  seems  ahnoet  unnecessary  to 
mention  that  the  amount  thereof  decreases  dowly  with  the  span-length. 
In  steam-railway  structures  this  is  primarily  because  the  effect  on  the  total 
span-length  of  the  greater  weight  p^foot  of  the  coupled  standard  locomo- 
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tivQB,  as  compared  with  that  assumed  for  the  loaded  cars,  diminishes  as  the 
q)aii-length  increases;  but  iu  highway  bridges  the  lessening  is  due  to  an 
application  of  the  theory  of  probabilities.  For  the  elect  ric-railway  loadingT 
the  diminution  in  the  equivalent  hve  load  per  lineal  foot  exists  only  when 
the  length  of  span  is  greater  than  the  assumed  total  length  of  train,  and 
the  greater  the  difference  in  length  the  greater  the  said  diminution  of  load^ 
ing  per  lineal  foot  of  span.  On  pages  1 10  to  116,  inclusive,  of  "Bridge 
Engineering"  are  given  curves  of  equivalent  uniform  loads  for  trains  o£ 
two,  three,  four,  five,  and  six  electric-railway  cars  and  for  all  the  classes  of 
loading  from  15  to  40.  These  are  carried  out  to  a  length  of  only  600  feet; 
and  in  cai^e  of  longer  spans  it  would  beconio  necessary  to  lengthen  them 
either  accurately  by  coniputation  or  api)roxiniately  by  visual  extension. 

For  ordinar>'  railroad  bridges  the  determination  of  the  projier  live  loatl 
to  lidopt  is  generally  a  simple  affair,  l)ecauso  the  conipany  is  likely  to  have 
a  standard  of  its  own;  but  sometimes  it  may  1m'  advisjible  to  depart  from 
this,  in  order  to  ]irovide  for  some  unusual  condition  or  complication. 
For  hifz;hway  bridges,  though,  it  is  a  different  matter,  because  the  amount 
and  character  of  the  traffic  will  dejx'nd  greatly  on  local  conditions;  and, 
consequently,  the  size  of  the  loading:  is  a  (juestion  of  ju<lgment.  Tri 
exercising  it,  one  should  look  to  tlie  iKissiiiility  of  a  material  incre:ise  in 
the  weights  to  l>e  transported;  and  should  be  governed  accordingly. 

The  standard  steam-railway  loadings  given  in  ("liapter  \'l  of  "Bridge 
Engineering"  are  still  sufficient  for  maximum  recpiirements,  and  it  is  not 
likely  that  th(»  greatest  ((Mjiss  70)  will  ever  Ix^  materially  exceeded,  unless 
some  fundamental  im])rovement  Ix?  made  in  the  character  of  raihvay 
roadbeds.  The  distril)Ution  of  wiMght  on  the  axh'S  of  the  locomotives  is 
gradually  being  changed,  but  the  weight  tliereof  p<'r  liueal  foot  of  track, 
does  not  ;ip|K*ar  to  be  augmenting  to  any  great  (>xt<'nt. 

The  lieaviest  live  loads  for  electric  railways  given  in  the  aforesaid 
chapter  have  not  yet  been  reached,  except  in  the  case  of  electrified  steam- 
railroads;  and  these  are  not  treated  as  real  electric  railways,  a,s  far  as 
bridge  loadings  are  concerned.  Ordinarily,  Class  25  is  heavy  enough  for 
the  street-railway  live-loads  on  highway  bridges;  but  sometimes  it  is 
advisable  to  proportion  for  Class  90,  in  order  to  provide  for  future  heavy 
suburban  cars. 

Classes  A,  B,  and  C  for  highway  loadings  are  sufficiently  heavy,  even 
if  it  be  possible  to  crowd  vehicles  and  pedestrians  so  dose  together  as  to 
cause  the  actual  loadings  to  exceed  them;  because,  when  mudi  crowding 
occurs,  the  speed  of  travel  is  materially  reduced,  and  then  the  efifeet 
of  impact  may  practically  be  ignored.  Class  A  loading  is  so  great  that> 
for  comparatively  long  spans  and  wide  decks,  it  may  be  used  to  cover  the 
average  loading  over  the  full  width  of  dock  from  dectrio-can,  vehicles, 
and  pedestrians— ^d  this  applies  in  nearly  all  cases  to  suqiension  bridges^ 
But  in  that  type  of  bridge  it  must  be  remembered  that  for  the  stiffening 
trusses  the  equivalent  unifoim  live  load  per  lineal  foot  of  structure  must 
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be  taken  for  about  four-tenths  of  the  spaD-length  and  not  for  the  full 
length,  as  is  the  aise  for  simple  spans. 

In  cantilever  bridges  judgment  must  be  used  in  determining  the 
lengths  for  equivalent  uniform  loads  for  the  difTerent  portions  of  structure. 
For  instatice.  in  Tyix^-A  cantilever,  shown  in  Fig.  12a,  for  the  suspended 
span  its  total  length  is  to  be  used;  for  the  cantilever  amis  the  sum  of  the 
length  of  the  sus|H'nded  span  and  that  of  the  portion  of  the  cantilever 
ann  that  is  loade<l  for  maximum  stress  on  the  member  considere<l;  and 
for  the  anchor  arms  the  total  length  of  the  loaded  portion  of  one  such  ami 
for  direct  loading  and  that  of  one  cantilever  arm  plus  suspended  span  for 
reverse  loading.  A  skillul  bridge  designer  can  often  legitimately  economize 
in  his  work  by  making  a  careful  study  of  the  live-load  question  and  cut- 
ting down  the  loading  as  hereinlx-fore  indicated. 

Similarly  a  study  of  the  <}uestion  of  impact  allowance  and  the  utilization 
of  the  very  latest  information  thereon  will  result  in  a  certain  anjount  of 
ecrjnoiiiy.  For  in.stance,  since  "  H ridge  Engineering"  was  written,  the 
author  has  found  it  advisable  to  modify  the  impact  allowances  recom- 
mended in  Chapter  VII  thereof  in  the  following  particulars: 

First.  For  electric-railway  loads  use  the  same  impact  as  for  highway 
loads.  This  modification  is  baaed  upon  some  late  experiments  by  Prof. 
Tumeaure. 

Second,  When  a  reinforced-concrete  base  u  used  for  the  pavement  of 
a  highway  bridge  with  aimilar  slabe  fen-  the  footwalkB,  the  impaots  giveii 
may  be  reduced  twenty-five  (25)  per  cent 

TkML  For  reinforoed-ooncrete  arches  and  girders,  without  earth 
fining,  the  impacts  m^  be  reduced  fifty  (50)  per  cent. 

Fourth,  For  earth^fiDedjCODeiete  arches,  they  may  be  reduced  seventy^ 
five  (75)  per  cent. 

The  determination  of  the  width  off  dedc  that  it  b  best  to  employ  is  an 
eoononuo  question  of  salimt  importance.  A  narrow  roadway  tends  to 
induce  stow  travel,  owing  to  the  necessity  for  reducing  the  speed  of  automo- 
biles in  narrow  places  so  as  to  avoid  collision.  For  two  lines  of  travd  at 
high  speed  a  width  of  twenty-two  feet  is  advisable,  although  one  of  twenty 
feet  is  often  considered  sufficient  because  it  is  practicable  to  pass  most 
auto-vehides  on  a  width  that  is  two  or  three  feet  lees.  There  are  many 
bridges  in  oountiy  districts  that  are  only  eighteen  feet  wide  and  some  as 
narrow  as  sixteen  feet;  but  these  do  not  meet  with  the  approval  of  automo- 
bile drtvers,  because  a  load  of  hay  wiU  almost  blodc  the  stnicture-^Msides^ 
when  one  is  driving  at  hi|^  speed,  he  does  not  like  to  be  compiled  to  dow 
down  when  he  is  approaching  a  bridge  upon  which  there  is  another  vdiide. 

A  thirty  or  thirty-two-foot  width  of  main  roadway  is  better  than  one 
of  twenty  or  twenty-two  feet,  in  that  it  will  permit  a  fast  vehicle  to  turn 
out  and  pass  a  slowly-moving  one;  but  there  is  always  the  danger  of  run- 
ning into  an  automobile  of  the  other  line  that  is  trying  to  accomplish  the 
same  purpose.  A  roadway  of  forty  or,  pref eraUyi  forty<4wo  or  even  forty- 
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four  fct't  in  the  clear  Ix'twoen  curbs  will  take  care  nicely  of  four  line.^  of 
autoiiK)hiles,  and  the  middle  twenty  feet  thereof  imiy  curry  a  double  track 
for  an  electric  railway. 

From  the  viewpoints  of  both  economy  an<l  [)ublic  convenience  it  is  better 
to  pass  at  once  from  a  two-line-travel  deck  to  a  four-line-travel  deck, 
because  a  width  great  enough  for  only  three  hues  is  unsiitisfactoiy  in  that, 
as  before  indicated,  it  offers  to  reckless  drivers  a  fine  oppijrtunity  for  head- 
on  colHsion  anti,  again,  it  is  not  as  suitable  for  high  speed  as  a  wider  struc- 
ture. It  is  true  that  in  the  case  of  a  total  break-down  it  has  a  decided 
advantage  over  the  two-line-travel  deck,  permitting  vehicles  to  pass 
around  the  obstruction,  but  that  is  not  sufficient  reason  to  warrant  its 
adoption. 

FootwaOa  are  often  made  much  wider  than  neoessary,  but  sometimes 
too  narrow.  The  minimum  width  should  bo  five  (5)  feet,  which  will  just 
permit  tu  o  people  to  walk  abreast  and  to  carry  umbrellas.  Any  smaller 
width  would  be  uncomfortable^  and  one  a  foot  wider  would  be  better.  A 
width  of  eif^t  (8)  feetisgenerally  sufficient  for  all  requirenients,  but  soine- 
times  ten  (10)  or  even  twelve  (12)  feet  are  called  for.  If  travel  in  both 
directions  is  permittted  on  the  same  f ootwalki  it  should  not  be  made  less 
than  seven  (7)  feet  wide,  and  preferaU^  nine  (9)  or  ten  (10),  but  it  is  seldom 
good  poBqr  to  allow  such  traffic,  because  the  pedestrian  travel  will  be  faster 
if  it  is  always  kept  to  the  ri|^t-hand  sule  of  the  structure. 

If  a  bridge  is  veiy  long,  it  is  not  likely  that  there  will  be  much  pedestrian 
travel  over  it,  unless  there  be  some  special  inducement  such  as  beauttfiil 
seeneiy  or  cool  breeses  in  hot  weather,  consequent^  the  omission  of  side- 
walks, either  entire^  or  temporarily,  becomes  an  economic  question  of  some 
importance.  Sometimes,  however,  the  obtaining  of  a  charter  for  building 
the  bridge  Is  conditioned  upon  putting  on  sidewalks;  and  in  that  case  the 
only  economy  practicable  would  be  to  obtain  from  the  authorities  per^ 
nussifm  to  provide  for  their  future  addition  and  to  omit  them  temporarily 
until  the  development  of  traffic  indicates  their  necessity.  In  very  long 
bridges  it  is  economical  to  reduce  the  sidewalk  width  to  the  absolute  mini- 
mum of  five  (5)  f eet»  owing  to  the  snuiQ  number  of  people  that  are  Hkdy  to 
pass  over  the  structure  on  foot. 

When  a  steam-raOway  bridge  has  to  carry  electric-railway  cars  as  well, 
it  is  often  economic  to  adopt  the  expedient  of  gauntleted  tnM^,  i.e.,  sepa^- 
rate  lines  of  rails  for  the  ^ectric  railway  lying  quite  close  to  the  steum- 
railway  rails  and  with  no  connection  thereto,  switches  b<>in^  omit  1(^1  and 

■ 

the  steam-raflway  rails  being  cut  so  as  to  permit  th(>  wheels  of  the  eleo- 
tric-railway  cars  to  cross  them  on  a  frog.  This  expedient  obviates  the 
necessity  for  increa^^ing  the  railway  live  loads  in  order  to  provide  for  the 
electric-railway  traffic. 

The  question  of  what  arrangement  of  decks  to  adopt  for  the  aocommo> 
dation  of  several  kinds  of  traffic  is  an  economic  problem  that  sometimes 
ariseis  in  a  bridge  engineer's  practice.  It  has  lately  come  up  in  the  author's 
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in  a  esse  where  a  double-ttack,  steam-iailway  bridge  had  to  cany  In  addi- 
tion a  double-track  electrio-railwagr,  wagon-ways,  and'  footwalks.  The 
dioioe  lay  between  a  double-dedc  structure  with  the  steam  railways  below, 
a  combined  double-track  dectrio-railway  and  wagon-way  above  between 
truasesy  and  footwalks  outside  of  the  wagon-way;  and  a  sin^e-dedc  stnio- 
ture  with  the  double-track  steam-railway  between  trusses  as  before,  a 
comlnned  single-track  dectrio^ailway  and  wagon-way  on  cantilever  bradk- 
ets  outside  of  each  truss,  and  a  f ootwalk  outside  of  each  wagon-way.  FVir 
reasons  unneoessaiy  to  state,  the  gauntleted  tradm  between  trusses  for  the 
electric  raflway  were  barred.  The  comparison  was  hardly  a  fair  one, 
because  the  angle-deck  layout  provided  facilities  superior  to  those  affdrded 
by  the  other  layout  in  relation  to  rapid  transit, — ^there  being  two  roadways 
of  twenty-two  feet  each  instead  of  one  roadway  of  thirty  feet — besides 
avoiding  a  dimb  of  some  twenty-five  feet.  While  the  cost  of  the  main 
spans  was  greater  for  the  single-deok  structure  than  for  the  double-deck 
one,  on  the  other  hand  there  was  a  saving  in  the  lengths  and  costs  of  the 
approaches.  It  is  impracticable  to  make  any  general  statement  of  com- 
parative costs  or  a<lvantapos  of  these  two  types;  and  each  case  as  it  arises, 
will  have  to  be  worke<l  out  by  itself  as  a  special  economic  problem.  More- 
over, one  layout  or  the  other,  irrespective  of  cost,  will  Ic  preferable  from 
the  point  of  view  of  service  or  accommodation,  hence  this  feature  will  have 
to  be  given  sen'ous  consideration. 

As  a  rule,  bridges  for  carrying  both  railway  and  highway  traffic  are 
located  in  or  near  large  cities,  although  an  occasional  structure  of  this  kind 
is  found  in  countrj'  districts.  The  principal  advantage  of  this  type  of 
bridge  is  the  saving  in  first  cost,  and  its  principal  disadvantage  is  a  reluc- 
tance to  cross  over  it  on  the  part  of  timid  drivers,  whose  horses  may  l)e 
frifihtened  by  the  trains.  The  saving  in  first  cost  of  a  combined  railway 
and  highway  hridtje,  as  compared  with  two  separate  bridges  for  railway  and 
highway  traffic,  is  consitieraljie,  because  tlie  j^ers  for  the  eond)iiied  bridge 
are  but  little,  if  any,  more  expensive  than  tliose  for  the  railway  bridjie,  and 
because  the  extra  metal  for  the  super-structure  of  the  fom.er  in  comj)ari.son 
with  that  of  the  latter  is  very  much  less  in  weight  than  the  metal  reijuired 
for  a  separate  highway  bridge.  The  prejudice  against  combined  biidges 
on  account  of  danger  is  almost  wholly  unfounded,  for  horses  soon  l)ecomc 
accustomed  to  railway  trains,  and,  when  screens  are  employed  to  hide  the 
latter,  but  little  trouble  is  ex]>erienced  on  account  of  frightened  animals. 
The.se  scicciis  may  be  made  either  slatt<Ml  or  solid,  the  former  offering  le.s« 
resistance  to  the  wind,  and  the  latter  being  the  cheai)er.  Moreover,  auto- 
mobiles have  almost  entirely  disphieed  horses  in  highway  traffic. 

The  advent  of  the  electric  railway  has  somewhat  com])licated  the  ques- 
tion of  designing  combined  bri(l^<  s,  for  now  it  is  often  necessary'  toaccom- 
moilat<'  all  kinds  of  traffic  on  the  s.ame  structure. 

Combined  bridges  may  be  divided  into  the  following  cla.sses: 

1.  Structures  liaving  a  single  duck  for  all  kinds  of  traffic,  the  railway 
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CMScupymg  the  center  of  the  bridge,  and  the  electric  raOway  lying  dose  to 

one  truss. 

2.  Structures  having  a  single-track  railway  at  the  middle,  a  narrow  foot- 
walk  on  each  side  thereof  inside  of  the  trusses,  and  cantilever  brackets  out- 
side of  the  latter  to  carry  roadways  and  electric  lines.  This  arrangement 
may  be  varied  by  running  the  elect  rie  ears  over  the  main  railway  track,  thus 
leaving  tlio  wings  free  for  veliicular  traffic. 

3.  Structures  having  a  double-track  railway  inside  of  the  trusBCS,  with 
long  cantSever  brackets  outside  carr>Mng  wagons  and  electric  lines  next  to 
the  trusseR  and  pedestrians  outside.  This  arrangement  may  l^e  varied,  as 
in  Case  2,  by  carrying  the  electric  trains  on  either  one  or  both  of  the  main 
railway  tracks. 

4.  Structures  having  a  double-track  railway  inside  of  the  trusses,  with 
•    short,  cantilever  brackets  for  wagon  and  electric-railway  traffic  outside, 

and  either  a  single  pa.ssageway  overhead  at  the  middle  for  ixnlcstrians,  or 
two  pitssageways  therefor  on  overhead  brackets  outside  of  the  trusses. 
As  before,  this  arrang(>m(>nt  may  be  modified  by  running  the  electric  trains 
over  the  main  railway  tracks. 

5.  Double-deck,  single-track  structures  carrying  a  railway  train  on  one 
deck  and  vehicles  and  pedestrians  on  the  other.  If  electric  cars  also  are 
carried,  they  should  generally  use  the  railway  track  f)n  account  of  the  nar- 
rowness of  the  bridge;  l)ut  by  putting  the  railway  Ix-low  and  using  canti- 
lever l)raekets  above,  the  electric  eai-s  may  shan^  the  wagon-way  and  run 
over  either  one  or  two  tracks.  When  the  electric  cars  and  the  vehicles 
occupy  jointly  the  up[K^r  deck,  it  is  generally  best  to  carry  the  pedestrians 
by  cantilever  brackets  on  tlie  lower  diM-k,  as  the  structure  might  l)e  too 
narrow  to  warrant  caritig  for  them  above  by  footwalks  outside  of  the  joint 
wagon  and  electric  car  roadway  and  because  pcniiittiug  thcni  to  use  the 
said  joint  roadway  would  Ix^  too  hazardous. 

().  Double-deck,  double-track  structures  carrying  railway  trains  on 
one  deck  and  vehicles,  electric  trains,  and  pedestrians  on  the  other,  or  with 
the  electric  trains  using  the  steam  railway  tracks.  The  vehicles  and  electric 
trains  may  eitluT  occupy  tiu'  same  roadway,  or  the  fonner  may  l)e  carrieil 
on  cantilever  brackets,  leaving  the  middle  portion  of  the  deck  for  the  latter. 
In  such  a  bridge  the  footwalks  should  be  on  cantilever  brackets,  either  above 
or  below,  outside  of  the  other  roadways. 

In  double-deck  structures  where  the  steam  railroad  is  below,  it  is  neces- 
sary to  use  every  precaution  for  keeping  the  locomotive  fimies  away  from 
the  upper  deck,  as  smoke  rising  through  the  floor  frightens  horses  even 
more  than  does  the  train  itself.  Moreover,  smoke  is  exceedingly  disagree- 
able to  everybody  passing  over  the  structure.  Again,  the  question  of 
protecting  the  highway  floor  from  being  set  on  fire  by  sparks  from  locomo- 
tives must  be  satisfactorily  solved  in  this  combination. 

Class  No.  1  is  the  cheapest  possible  kind  of  combined  bridge,  and  at 
the  same  time  the  most  unsatisfactoiy,  for  when  a  railroad  train  is  about 
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to  pass  over  the  ttnioiurc  all  vehicular  and  electric-railway  travel  must  be 
kept  off,  and  l^ecause  pedeBtrians  must  look  CNit  sharp!}-  for  their  safety 
when  on  the  deck  with  a  railway  train  enmUBig,  Their  danger  is  really 
greater,  though,  when  an  electric  train  is  passing  a  team  or  teams.  The 
least  allowable  clear  width  of  bridge  for  this  class  of  structure  is  twenty 
feet,  the  electrie  cars  running  on  a  third  rail  and  on  one  of  the  Tftils  of  the 
main  railway. 

Claan  No.  2  is  a  very  satisfactory  type  of  structure.  The  author  has 
desigiHMi  and  built  seveml  liridjj;es  of  this  kind,  the  largest  of  which  is  the 
Combination  Bridge  Company's  bridge  over  the  Missouri  River  at  Sioux 
City,  Iowa.  It  consists  of  two  draw-spans  of  470  feet  each  and  two  fixed 
spans  of  r>(X)  feet  eacli,  besides  the  deck  approacli  sj)ans,  the  distance 
between  central  planes  of  trusses  being  twenty-five  (25)  feet. 

Class  No.  3  is  also  a  satisfactory  ty\ni  of  structure.  The  author  once 
.built  a  large  bridge  of  this  tyf>e,  viz.,  the  one  across  the  Missouri  River  at 
Eiist  Omaha,  Nebraska.  This  r'lass  of  structure  involves  very  heavy  metal- 
work;  but  it  is  not  uneconomical. 

Class  No.  4  is  an  unusual  tyix',  and  is  not  likely  to  be  called  for  very 
often,  althougli  tiie  author  has  had  occasion  to  figine  on  bridges  of  this  kind. 

Class  No.  5  gives  a  satisfactory  distribution  of  traffic,  as  was  proved  by 
the  aiithor's  bridge  over  the  Fraser  River  at  New  Westminster,  British 
Columbia.  In  this  the  steam  railway  and  the  electric  cars  occupy  a  single 
track  on  tlie  lower  deck;  and  veliicles  and  j^edestriaus  use  in  conmiou  a 
sixteen  (l())-foot  dear  roadway  on  the  ujijH'r  deck. 

Early  in  1908  in  preparing  a  design  for  a  com!)iii('d  l)ridge  to  carry  a  rail- 
way, a  strcH't-railway,  wagons,  and  j)edestrians  over  the  Second  Narrows  of 
Burrard  Inlet  at  \'ancouver,  British  Colundjia,  the  author  evolved  a  rather 
novel  method  of  dividing  the  traffic.  The  bridge  was  to  be  built  at  first  to 
cany  only  the  railway  and  the  street-railway,  but  provision  was  to  be  made 
to  take  oare  of  wagon  and  pedestrian  traffic  in  the  future.  The  distance 
between  central  planes  of  truases  being  restricted  from  motives  of  eoonomy 
to  the  least  eoosiBlent  with  the  Daminion  Ckyvenunrait's  iec|uii«ments  for 
dear  roadway-^  this  case  nineteen  (19)  feet— it  would  have  been  improper 
ooDstniction  to  put  twdve  (12)  foot  roadways  outside  of  the  trusses  and 
an  (0)  foot  sidewalks  outside  of  these;  for  such  an  arrangement  would  make 
each  cantilevered  portion  of  the  deck  wider  than  the  distance  between 
trusses,  while  good  practice  does  not  penntt  it  to  exceed  two-thirds  thereof. 
As  the  clearance  above  high  water  was  ample  on  account  of  there  being  an 
overhead  crossing  of  the  Canadian  Pacific  Railway  traeks  at  the  south  end 
of  the  stracture,  it  was  suggests  to  suspend  the  footwalks  from  the  canti- 
lever brackets  that  cany  the  roadways.  This  would  necessitate  small 
roofo  to  protect  pedestrians  from  the  roadway  drippings.  The  arrange- 
ment described  was  shown  by  cost  estimates  to  be  ezoeedinf^y  eoononuoal, 
but  it  was  objected  to  on  account  of  its  interfering  with  the  running  of 
certain  small  craft  under  the  swing  span. 
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Class  No.  6  repreaents  a  very  good  arrangement  which  can  Im?  niodilit'd 
to  suit  nearly  any  conditions  of  combined  traffic,  A  good  example  of  this 
type  is  the  author's  bridge  over  the  Missouri  River  at  Kansas  City,  Mo., 
owned  by  the  Union  Doix)t,  Biidg^  and  Teiminai  Kailroad  Company^ 

and  known  iis  the  Frutt  Bridge. 

In  de.sigiunfi  combined  l)rid^;es  of  all  classes  except  No.  1,  a  considerable 
economy  of  metal  may  be  effected  legitimately  by  keeping  the  total  live 
load  for  trusses  as  low  iu<  is  profxr  with  reference  to  the  th(X)ry  of  probabili- 
ties. For  instance,  in  Chuss  No.  2  or  C'la.ss  No.  5  the  live  load  for  trusses 
may  Ix;  determined  by  ad<nng  to  the  e(juivaient  uniform  live  load  for  the 
steam-railway  tracks,  given  by  the  diagram  in  Fig.  (W  of  "Bridge  I'ngineer-' 
ing,"  a  nuich  light<^r  highway  floor  IojkI  per  lineal  foot  of  si)an  than  tliat  pre- 
scribed in  the  sjHM'ifications;  l>ecau.^'  wlien  the  greatest  train  load  is  on  the 
bridge,  the  chance  of  having  sinmltaneously  a  hea\^  highway  live  load  is 
very  small.  The  longer  the  span  the  smaller  may  the  live  load  per  squaic 
foot  of  floor  l>e  taken  when  finding  the  total  liv  load  for  the  trusses.  Again, 
in  Clas.*^es  No.  3  and  No.  4  it  would  l)e  legilinuitc  in  take  the  tniss  live  load 
per  lineal  foot  for  tiie  railway  espial  to  twice  tlic  car  load  per  lineal  foot,  and 
add  thereto  a  small  highway  live  load  as  in  I  he  last  case.  Finally,  in  Class 
No.  t)  in  casti  of  a  four-track  bridge  with  cantilevered  highways  and  foot- 
walks,  it  would  Ix;  projx^r  to  assume  the  live  load  for  the  trusses  ecjual  to  the 
sum  of  the  car  loads  per  hncal  foot  on  the  four  tracks  and  ignore  entirdy 
the  vehicular  and  pedestrian  loadings;  for  the  greatest  probable  live 
load  from  all  classes  of  loading  would  never  exceed  the  said  four  car 
loads. 

This  reduetioQ  of  live  load,  however,  can  readily  be  carried  to  extremee, 
as  was  the  case  in  the  first  accepted  design  of  the  great  cantilever  bridge 
over  the  St.  Lawrence  River  near  Quebec,  and  as  Is  likely  to  be  the  case 
whenever  the  preparation  of  the  q)ecifioations  for  a  bridge  is  left  either 
directly  or  indirectly  to  the  contractor  who  is  to  build  the  structure.  Good 
judgment,  uninfluenced  in  any  way  by  considerations  of  personal  gain  or 
by  motives  of  false  economy,  should  rule  in  the  establishment  of  the  live 
loads  for  the  trusses  of  "combined"  bridges. 

It  is  veiy  seldom  that  the  designing  engineer  of  a  bridge  has  an  oppor- 
tunity to  economise  by  the  manipulation  of  unit  stresses,  because  ordinarily 
he  employes  standard  bridge  specifications;  and  tru^  it  is  better  for  him  to 
do  so,  for  the  reason  that  this  question  has  already  been  veiy  thoroui^ 
threshed  out;  but,  as  will  be  explained  presently,  in  certain  stnietures,  sudi 
as  trestles,  he  may  have  an  opportunity  to  employ  his  judgment  in  the 
determination  of  unit  stresses  for  certain  unusual  but  possible  combina- 
tions of  loads. 

In  modem  specifications  the  aim  is  to  have  a  fixed  unit  stress  for  each 
kind  of  material  for  all  but  extraordinary  combinations  of  loads.  In  metals 
it  is  generally  proper  to  place  the  ordinary  intensity  of  working  stress  at 
one-half  of  the  elastic  limit  of  the  material;  but  with  high-alloy  steels  it 
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should  not  exceed  one-third  of  the  ultimate  strength.  This  restriction 
^ipliee  mainly  to  heat-treated  eye-hara. 

Some  enf^ineers  deem  it  good  practice  on  the  score  of  eocmomy  to  use 
high-carbon  steel  for  reinf()rcin«z;-bur8;  but  the  author  is  opposed  to  this 
for  two  reasons;  first,  such  metal  is  Uublc  to  ( rack  when  being  bent  cold  in 
the  field;  and,  second,  a  high  intensity  of  working  stress  on  the  bars  tends 
to  permit  the  formation  of  cracks  in  the  concrete  in  their  vicinity. 

Very  infrequent  loads  will  permit  overstresscs,  or,  in  other  words,  en- 
croachniont  on  the  factor  of  safety.  A  future  incrciusc  of  live  loads  will 
affect  differently  different  portions  of  a  bridjje.  This  is  sometimes  allowed 
%r  by  reducinji:  the  unit  stresses  on  certain  members;  l)ut  it  is  better  to 
design  the  structure  so  that  an  increase  of  loa<iing  of  fifty  per  cent  will 
not  overstress  any  member  more  tlian  fifty  \yQr  cent. 

Some  designers  specif}'  abnormally  heavy  loatlings  and  corres[>ondingly 
greater  unit  stresses.  This  gives  well  balanced  structures;  but  the  method 
i^  illogieal,  and  it  lias  a  tendency  to  tleceive.  If  such  a  practice  were  to 
Un-ome  ostal)lished,  there  would  be  a  liability  on  the  part  of  inexperienced 
engineers  to  employ  high  imit  stresses  with  normal  loads,  which  would  be 
dangerous  or  at  least  ultimately  uneconomic. 

In  very-long-span  bridges  the;  selection  of  live  loads  and  unit  stressi's  is 
of  extreme  importance;  because  a  small  legitimate  increase  in  unit  stresses 
or  a  small  reduction  of  loading  may  result  in  a  comparatively  large  saving 
in  cost,  due  to  de(  rciuse  of  dead  load. 

If,  for  the  sake  of  either  a  real  or  an  imaginary  economy,  an  increas(^  in 
unit  stresses  nuist  be  adopted,  it  is  In'ttcr  to  mak<'  it  IrMiikiy  in  the  main 
nienilx*rs,  where  the  danger  from  overstress  is  h^ast ;  and  th(  n  the  fact  of  the 
existence  of  this  condition  will  Im;  appiireiit.  Hut  if  .skimping  were  done  in 
the  detailing,  there  might  easily  be  develojx'd  weaknesses  of  such  a  serious 
nature  as  eventually  to  cause  disaster.  Again,  more  money  can  be  s;ived 
by  reducing  the  sectional  areas  of  main  members  than  by  truumiug  the 
details. 

In  the  designing  of  ordinary  tniss  bridges,  the  computer  has  practically 
DO  ohoioe  as  to  how  the  various  stresses  which  he  figures  are  to  be  com- 
bined, because  the  standard  specifications  by  which  he  is  governed  indicate 
the  method  very  dearly;  but  in  structures  unusual  as  to  either  type  or 
magnitude  and  in  trestles  the  designer  should  have  some  option  in  making 
the  combinations.  No  hard-and-fast  rule  can  well  be  given  to  cover  all 
cases  of  spans  of  unusual  size  and  character;  except  to  state  that  the 
engmeer  should  employ  his  best  judgment  in  rekition  to  possibilities  and 
probabilities,  stressing  the  standard  amount  for  combinations  that  are 
likely  to  occur  and  increasing  the  intensities  of  working  stresses  as  the 
combinations  considered  become  more  and  more  improbable  of  realization, 
^  to  the  limit  of  an  excess  of  fifty  (50)  per  cent. 

In  bridges  proper,  with  the  exception  of  arches  having  less  than  three 
bhiges,  the  onlly  unusual  combination  is  that  of  the  ordinary  stresses  and  the 
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wind  stres^os,  to  allow  for  which  standard  bridge  specifications  permit  an 
increase  of  thirty  (30)  per  cent  over  the  regular  intensities  of  working 
stresses;  but  in  trestles  there  may  be  combinations  of  hve-loaxl,  impact, 
dead-load,  ccntrifugal-loiul.  wind-load,  traction-load,  and  temperature 
stresses ;  ii(>n(-(>  1 1 lo  computing  of  aome  of  the  sections  for  these  structures  is 
acomplicnted  matter. 

As  stated  in  the  si)ecificatinns  for  dcsipninc;  trivon  in  Chapter  T.XXVIIX 
of  "Bridf^e  Kngiueering/'  the  columns  of  steel  trestles  are  to  be  propotr- 
tioned  thus: 

First.  For  hve  load,  impact,  centrifugal  load,  and  dead  load,  with  the 
usual  intensities. 

Secojul.  For  live  load,  impact,  rcntrifufral  loail,  dciul  loatl,  and  wind 
load  or  traction  load,  with  an  excess  of  tiiirty  (30}  per  cent  over  the  usual 
intensities. 

Third.  For  live  load,  impact,  centrifugal  load,  dead  load,  wind  load  or 
traction  load,  and  temperature,  with  an  excess  of  forty  (40)  per  cent  over 
the  usual  intensities. 

Fourth.  For  live  load,  impact,  centrifugal  load,  dead  load,  traction 
load,  and  wind  load,  with  an  excess  of  forty  (40)  ixir  cent  over  tiie  usual 
intensities. 

Fifth.  For  live  load,  impact,  centrifugal  load,  de;id  load,  traction  loiul, 
wind  load,  and  temperature,  with  au  excess  of  fifty  (50)  per  cent  over  the 
usual  intensities. 

The  preceding  combinations  and  excess  percentages  of  intensities  were 
adjusted  after  much  deliberation;  and  their  publication  in  "Bridge  Engi- 
neering "  was  the  first  complete  exposition  of  the  matter  ever  made  in  print. 
In  the  preparation  of  specifications  theretofore,  the  question  had  been 
deemed  too  complicated  for  written  treatment  and  had  been  left  for  settle- 
ment entirely  to  the  }iidgment  of  each  individiial  designer.  A.  study  of 
the  preceding  adjustment  will  show  that  the  greater  tiie  unprobability  of 
any.comlHnation  the  greater  the  intensity  of  the  woiking  stress  adopted. 
The  worst  eonbination  (which,  really,  never  ooold  occur)  would  stress  the 
metal  up  to  threc^uarters  of  its  elastio^iini^  which  is  perfectly  safe  for  an 
occasional  loading.  It  is  much  better  to  take  into  account  all  possible 
oombinatioiis  and  to  stress  the  metal  high  for  the  worst  summation  than  to 
ignore  such  combinations  entirely  and  trust  to  hick  that  th^  will  never 
occur,  as  is  too  generally  done  in  trestle  designing.  On  the  other  hand, 
thou(^  it  would  be  extravagant  practice  to  combine  all  the  possible 
stresses  and  use  either  the  ordinary  intensitieB  or  even  these  increased 
the  usual  thirty  per  cent  allowance  for  the  inclusion  of  wind.  Trestle 
proportioning  hitherto  has  been  rather  unscientific,  and  it  is  to  be  hoped 
that  it  will  soon  be  improved.  Whoi  all  is  said  and  done,  however,  it  is 
impracticable  to  eliminate  entirely  individual  judgment  in  the  designing  of 
hi|^  steel  tresties,  because  in  some  cases  local  consideratioDB  will  pennit  of 
the  reduction  or  even  the  ignoring  of  certain  stresses.  For  instance^ 
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when  a  trestle  is  Bita&ted  near  the  middle  of  a  sharp  curve  or  near  the  apex 
of  two  heavy,  rising  grades,  it  would  be  bad  judgment  to  assume  a  hi^ 
velooity  of  tiain  when  finding  the  stresses  due  to  oentrifugsl  loading. 

The  oombination  of  stiossus  in  cantilev^  bridges  and  in  arohes  is  not 
so  oomidioated  as  it  is  in  trestles;  but  it  is  to  be  noted  that  the  sections  of 
members  do  not  need  to  be  increased  because  of  erection  stresses,  unless 
such  total  stinsseu  (including  those  from  wind  under  an  assumed  probable 
pressure  of  ten  (10)  or  fifteen  (15)  pounds  per  square  foot)  raise  the  inten- 
sities on  the  computed  sections  above  those  specified  for  a  combination  of 
the  usual  loads  with  wind. 

In  summing  up  stresses  care  must  be  taken  to  add  on^  those  that  can 
act  simultaneously,  because  some  stresses  can  never  occur  together;  for 
instance,  live  load  and  erection  stresses  in  cantilevers  and  in  arches  erected 
by  cantHevering,  and  live  load  and  wind  stresses  in  highway  bridges. 
This  word  of  warning  seems  almost  unncccssaiy;  nevertheless  a  careless 
computer  is  liable  to  sum  up  otrosacs  that  csnnot  act  together,  as  the 
author  knows  from  personal  experience. 

At  the  present  time  there  is  a  division  of  opinion  among  bridge  specialists 
concerning  the  oombination  of  st  res^ses  of  opposite  kinds,  some  of  them  going 
so  far  as  to  ignore  altogether  the  effect  of  reversing  stresses.  Until  good 
reason  is  offered  for  making  a  change,  the  author  intends  to  adhere  to  the 
method  which  he  advocates  in  "Bridge  Engineering."  It  is  as  follows: 
If  the  cause  of  the  reversal  be  wind,  the  effect  of  revei-sion  is  ignored, 
because  not  only  is  tliere  generally  a  long  interval  between  reversals,  but 
also  the  niaxiniuni  wind  stress  on  any  piece  is  of  infrcf|iu'nt  ocfurrence. 
Reversals  due  to  live  loads  combined  with  impact  are  dividetl  into  two 
classes;  first,  those  which  occur  in  succession  during  the  passage  of  a  live 
loatl  over  the  structure,  and,  second,  those  whicli  are  caused  by  different 
loadings.  In  the  first  case,  each  of  the  two  kinds  of  stress  is  to  be  increased 
by  seventy-five  (75)  per  cent  of  the  other,  then  the  section  re(|uired  for 
each  combination  is  to  be  compuled  and  the  larger  of  the  two  adopted.  In 
the  second  cjise  the  procedure  is  similar  to  that  just  described,  except  that 
tlie  jxMcenlage  to  be  a<i(ie<l  is  fifty  (50)  instead  of  seventy-five  (75).  The 
author  does  not  deny  that  it  might  be  perfectly  .sife  to  reduce  the.^e  per- 
centfiges  to  fifty  (50)  and  twenty-five  (25),  respectively,  but  he  is  decidedly 
averse  to  ignoring  altogether  the  effect  of  reversion. 

In  any  ca.se  it  would  rcfjuire  some  exceedingly  strong  evidence  to  induce 
him  to  change  his  method  of  computing  the  numlxT  of  rivets  for  connecting 
main  members,  viz.,  to  add  togetlier  witliout  any  reduction  the  two  stresses 
of  opiiosite  kinds  and  proj)orlion  for  tiie  sum.  Stress  reversal  is  certainly 
harder  upon  th(?  connecting  rivets  than  upon  the  members  tiiemselves 
which  they  join. 

After  all,  this  controversy  alx)ut  the  proper  allowance  for  reversal  of 
stress  may  amount  to  much  ado  alx)ut  nothing,  because,  as  pointed  out  in 
Chapter  XI,  the  difference  in  the  weights  of  uietal  in  two  cuntinuous-truss 
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spans  of  775  foot  oaeh,  when  for  all  reverealB  an  addition  of  seventy-five 
(75)  per  cent  of  each  st  ross  to  the  other  stress  was  made,  and  whon  the  effect 

of  rovoreion  wa.s  entirely  i^^red,  was  only  two  and  a  half  (2§)  per  cent. 
Of  this  one  and  a  half  (l^)  per  cent  were  due  directly  to  the  increase  in  the 
sections  of  the  pieces  in  which  reversion  occurred,  and  one  (1)  per  cent  to 
tho  augmented  doad  load.  Such  being  the  case,  and  in  view  of  our  limited 
knowledge  concoi  ning  tho  wearing  effects  of  stress  rov(»rsal,  it  seems  hardly 
worth  while  at  prosont  to  mako  any  change  in  the  practice  proscribo<l  in 
"Britigo  Engineering."  On  tho  othor  hand,  though,  tn  l)o  ]>(>rfo<'tly  fair, 
it  should  l>o  pointofl  out  that  reversal  of  stress  may  have  a  greater  offoet  on 
some  other  kinds  of  bridges,  such  as  arches,  than  it  does  on  oontinuoua- 
truss  structures. 

Until  the  appoiuance  of  tho  .Januar>',  1920,  issue  of  tlio  Hulletin  of  the 
American  Railway  Kngin(M'ring  Association,  no  writer  of  hridfre  specifica- 
tions, as  far  a.s  the  author  knows,  had  ever  attempted  to  s|H'cify  intensities 
of  working  stresses  for  coml)inations  of  live  and  dead  load  stresses  with 
secondary  stresses.  In  the  Report  of  "("onnnitloe  XV — on  Iron  and  Steel 
Structures"  Tof  wliich.  hy  the  way.  the  autlior  is  ;i  nieTnl)er),  published  in 
that  issue,  tliere  appears  the  following  clause,  numbered  47: 
Secondjiry  StrcsHcs: 

Designing  and  detailing  shall  be  done  .so  jus  to  avoid  wcondarj-  stresses  as  far  as 
possible.  In  ofdinaiy  trunes  without  subpaneling,  nu  account  usually  need  be  token 
of  the  ieocmdary  streiMS  in  aoy  niemher  wboM  wkltl^ 

ii  lev  than  0De4entii  of  its  length.   Where  thin  ratio  ieexc-tH  (led,  or  where  subpuwlinK 

is  u-sed,  Hecond.'irv  .stres.«»os  due  to  deflection  of  tlie  trtLss  shall  Ix'  computed.  The  unit 
8tr(»se«  .specified  in  .Article  .'{s  may  Im>  increased  ODe-tbird  for  a  oombination  of  the 

secondary  stn^sscs  with  the  axial  .strej«ses. 

This  allowance  of  thirty-three  and  a  third  per  cent  applies  only  tocom- 
biiwitions  of  live  load,  cent  rifnji:al  load,  impact,  and  dead  load  withsoc(»nd- 
ary  stresses;  but  if  other  hiadings,  such  as  wind  loads,  traction  loads,  and 
tompciatui'o  ofTocts,  are  added  to  the  combin.'ition,  tlie  increment  of  inten- 
sity ought  to  be  iiu  reased,  according  to  the  designer's  judgment,  up  to  a 
limit  f)f  fifty  per  cent. 

There  is  an  important  questicm  now  Ix-fore  tlie  en^incciing  profession 
for  .settlement,  which,  strict Iv  speaking,  is  one  of  ecoiioinics,  viz.:  the 
proper  relation  between  intensities  of  working  stresses  for  britlge  ineml>ers 
in  tension  .ind  compression.  In  the  author's  opinion,  there  is  no  valid 
roa.son  for  the  dr.istic  cut  in  conipre.'^sion  intensities  uvmIv  of  late  in  bridge 
specifications  bv  several  of  the  leading  technical  societies.  Concerning  this 
question  he  wiotc  for  the  .Jan.  10,  1919,  issue  of  Etiguiecritig  iVeius  Record 
the  following  comnmiiication: 

The  report  of  the  Comraittec  on  Column  Test.*?  of  the  American  Society  of  Civil 
Engineers  appe.irs  to  liave  caased  .some  fright  among  bridge  de^^ignerH;  for  1  notice 
that  the  Engineering  Infltitute  of  Canada  has  lately  published  a  "Genera!  Specifiontiail 
for  Steel  Railway  Bridges"  in  which  the  unit  stresB  for  oohmuiB  is  given  by  thefonniila, 

p- 12,000-0^  0/r)* 
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in  which  2  =  the  UDSupiMjrUxl  length  uf  the  column  in  inches  and  r  —  ita  least  rudiuti  of 
g;>Tation  in  incheB. 

Hub  IB  quite  a  tudden  jump  from  the  old  standaid  fonnula, 

/>  =  10,000-60  l/r 

Tlif  i  hnnc  inflirntps  one  of  two  thinp<:  Eithrr  that  hithorfo  we  liavr  IxM^n  ovor- 
stn'ssMin  compn'ssion  nirnilM'ns  15  to  25  per  cent,  or  that  there  i^  going  to  be  waiiteci  a 
\ast  quantity  of  metal  in  the  future. 

Moffeover,  in  making  suefa  a  sweeping  change  in  the  oompranifm  fonnula,  the 
writen  of  the  GBnadian  spedfieaticHiB  were  not  oonaistcnt,  beoaUBe  in  Qause  47  they 
aUow  lor  the  compmBBion  flangeB  of  beams  an  intensity  of 

16,000-200  l/b. 

In  the  caiie  of  railway  stringers  l/b  in  gcaeruUy  in  the  neighborhood  of  10;  hence  the 
intensity  of  working  stress  is  about  14,000  lbs.  Aa.b  m  equal  to  about  4.6  r,  for  l/b  » 10 
we  shall  have  l/r         Substituting  this  in  the  Canadian  column  formub  gives 

p  =  12,000  -0.3  (45)'  =  11.4(K)  lbs. 

In  the  cnse  of  onp  pomprossion  member  of  a  bridge,  it  appears  to  be  legitimate  to  stress 
the  metal  uy»  to  11, (HK)  lbs.  per  sfjuare  inch,  and  in  another  up  to  only  11,400  lbs.  |>er 
square  inch,  a  diUcrcuce  uf  23  per  cent.  And  there  is  uu  valid  rea.son  for  stressing 
differently  a  strut  which  forms  a  part  of  the  top  chord  of  a  truss  and  a  strut  which 
forms  a  part  cS  the  top  flange  of  a  beam.   "Consistency,  thou  art  a  jewel!" 

If  the  eorreetness  of  the  ff)rmuhi  for  compression  flanges  of  beams  be  eonewled — 
a  formula  which,  for  a  dozen  years  or  more,  has  been  one  of  the  clauses  of  the  American 
Railway  Engineering  A.ssociation'H  .standard  bridg(VHpecifications,  and  which  the  Engi- 
neering Institute  of  Canada  has  appropriated  without  change — and  if  it  be  granted 
that  b  IB  genenlly  equal  to  about  4.6  i^^hy  should  not  the  equivaleat  fonnuk, 

7;  =  ir»,(XX)-45i/r, 

apply  in  general  to  struts  witli  fixed  ends?  Be  it  noticed  that  this  formula  gives  higher 
results  than  does  my  old  fonuula, 

p=  16,000  -  00 //r. 

The  American  Piailwiiy  Engineering  Association  is  getting  ready  to  trim  down 
materially  it.s  old  inteti.sitii>H  for  steel  struts,  although  not  to  the  extent  that  the  Engi- 
neering Institute  of  Canada  has  done.* 

What  aggravates  the  effect  of  this  proposed  decrease  of  compression  intensities 
is  that,  simultancoasly  therewith,  the  American  Ilailway  Engineering  .\.s.sociation  is 
contemplating  increasing  it«  tensile  intensity  of  wc^rking  stres.s  from  16,(MK)  lbs.  to  18,000 
lbs.;  and  other  sfKH-ification  writers  are  advising  that  it  be  made  as  high  as  20,000  Ibe. 

*  The  1920  A.  U.  E.  A.  bridge  siiecilicatioua  peruut  the  following  intensities  of 
working  compressive  stresses: 

Struts  15,000  -50  -  but  uot  to  exceed  12,500  lbs. 

r 

/ 

Flanges  of  girden  U.OOO  -  200  -. 

b 

I 

The  previous  strut  fommUi  of  the  A.  H.  E.  A.  was  16,000—70  — ;  hence  the  new 

r 

formula  gives  lower  results  when  —  is  less  than  50  and  hi^er  resuItB  when  it  is  greater. 
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To  an  outsider  it  must  look  as  if  the  bridge  engiueers  of  this  oountr>'  were  losing  their 

Th0  tMapntmm  teite  that  itarted  the  ptwwnt  wvn  of  Apprahensioii  did  not  have 
goveraing  oonditions  corresponding  properly  to  those  of  actual  tniss-membere;  hence 

I  would  suggest  that,  before  the  bridge  engineers  of  America  take  the  drastic  stcj)  of 
assuming  steel  in  compression  to  be  only  tU)  or  70' t  jus  strong  lus  the  same  matiTial  in 
tension,  some  really  practical  tests  of  struts  be  made  under  conditions  corresponding 
to  thoM  hi  Mtual  atiuetorai.  Such  a  serieB  of  tots  wouM  oott  wwuridwrahla  mooM^; 
hut,  if  the  Bureau  of  Standards  at  Washington  were  to  indofse  the  sugBBitian  to  make 
them,  itougHnottobeataUdiflkultto<4»tamfromCoiigNaianani|i^ 
for  the  pnn^fwf  • 

The  method  of  conductuig  these  tests  that  1  have  in  mind  is  this: 
Let  there  be  built  a  five-panel,  riveted-tnus  bridge  of  about  100-ft.  ipan;  let  the 
middle  pancMflngthe  of  the  top  ehoidB  thereof  be  made  deeidedljr  weaker  than  all  the 
other  pofftiooB  of  the  structure;  and  let  a  uniformly-distributed  live4oad  be  applied 
at  the  panel-point"?  by  hydraulic  pistons.  All  jxirtions  of  the  structure,  including 
the  two  weak  members,  should  be  scientifically  detailed,  so  that  failure  will  inevitably 
take  place  in  the  main  portions  of  the  weak  struts  and  not  in  the  details  thereof,  and 
ao  tiiat  the  tnidie  can  be  UMd  for  a  long  serica  of  testa  to  deetmetkm  ci  the  said  mid- 
panel  kngtha  of  the  top  chords.  The  weak  members  diould  be  attached  to  the  eon- 
nmMAn^  platcs  with  an  ample  number  of  rivets  to  develop  the  full  sf  renirfli  of  tlic  tee^ 
pieces;  and  theee  riveta  should  be  removed  oarefuUy  after  each  teat  to  destruction  m 
completed. 

Of  course  it  would  be  entirely  practicable  to  vary  the  value  of  l/r  in  the  different 
teali^  provided  that  the  attadmient  of  the  test«tnit  be  not  made  eooentrie. 

There  should  be  a  supporting  platfoan  beneath  the  span  to  prevent  its  falling  any 

material  distance  when  failure  occur'. 

By  adopting  a  weak  vertical  post  instead  of  .i  weak  ]mnel-lenglh  of  top  chord,  and 
by  loading  (at  the  elevation  of  the  latter)  three  panel-points  only,  a  scries  of  tests  could 
be  made  on  vertieal  posla.  A  shnilar  aerica  oould  be  carried  out  on  the  inclined  end 
posts. 

A  cheaper  method  than  that  just  described,  but  not  quite  as  .«!atisfactor>',  woxild  be 
to  bin'ld  a  single  truss,  instead  of  the  complete  span,  and  steady  it  latenilly  but  not 
vertically,  antl  then  to  apply  the  test  loadings  directly  alM>vc  the  top  chord  at  the  panel- 
points.  A  great  advantage  of  the  span  tests  as  compared  with  the  truss  tests  is  that 
dttfriioate  tests  oouM  be  made  simultaneou4y  on  sunilar  members.  Moreover,  the  qian 
tests  would  be  in  praotioally  eiaot  aeccnd  with  actual  oonditions  of  loading,  while  the 
truss  tests  would  not. 

By  removing  occasionally  the  test  loading,  the  elastic  limits  of  the  struts  OOUld 
be  ascertained  througli  noting  the  absence  or  otherwise  of  permanent  set. 

ExperimentB  rimilar  to  those  desoribed  oould  be  made  on  a  pin-connected  vpan  or  a 
pin-eonneeted  truss  so  as  to  determine  the  strength  of  struts  with  hinged  ends. 

In  view  of  the  immense  amount  of  bridge  manufacture  and  eonstraetion  that  is 
likely  to  b<'  dnne  in  the  I'nitcd  Stat(*s  within  the  next  five  or  ten  years,  the  making  of 
this  proposed  series  of  tests  is  worthy  of  being  considered  a  matter  of  national  imix>r- 
tonce. 

hi  Qxdest  to  elaborate  the  preceding  communication,  the  author  had  his 
aasociate  eoffneer^  F.  H.  Frankland,  Member  American  Society  Civil 
Engineers,  write  another  letter  to  Engineering  Nnrs-Record  embodying 
certain  subsequent  thoughts  upon  the  details  <rf  the  proposed  series  of 
experiments,  which  letter  was  published  in  the  issue  of  March  6, 1919.  It 
reads  as  follows: 
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With  reference  to  the  matter  of  formula;  for  steel  columns,  dealt  with  in  recent 
aitides  and  lettets  t^ppetaii^  in  Engineering  NeiM'Recardt  the  writer  wjehes  to  idee 
this  opportunity  of  drawing  attentira  to  the  fact  that  existing  oolumn  f ormuls  are  not 
founded  on  leaUy  proper  teste,  and  that,  therefore,  engineers  should  not  rest  satisfied 
until  such  projM^r  tests  hiwv  boon  mp.^lo,  and.  from  the  empirical  lulee  deduced  thtfe- 
from,  a  really  s<)in\d  column  formula  has  Ixvn  <'volvod. 

No  column  ex|x>.rinK'ni.s  have  yet  been  made  wliich  conform  to  actual  conditions 
eoDsting  in  modem  bridges,  as  very  few  columns  nowadays  have  hinged  ends,  and  flat- 
end  teste  are  likdy  to  be  very  deceptive,  because  of  comer  bearing. 

The  opinion  cx]ircs.sod  hy  Mr.  Charlos  E.  Fowler  in  his  letter  on  page  343  of  yoiir 
wsuc  of  Feb.  13,  1010,  to  the  rffcrt  that  a  8traiKht-Iine  formula  is  to  he  desiretl  on  account 
of  it8  simplicity,  is  to  be  commended,  as  there  is  every  probabihty  tliat  a  satisfactory 
straight-line  formula  can  be  derived  from  proper  tests.  It  is  to  be  noted  that  some  of 
the  fonnube  given  by  Mr.  Fowler  in  his  lettor  use  the  {l/r)\  this  being  a  holdover 
from  the  old  Euler  formula,  which  was  established  for  greater  values  ol  l/r  than  are 

used  in  practice. 

^\  ith  reference  to  Dr.  Waddell's  scheme  for  testing  toj)-chord  memlxirs  by  means  of 
experiments  conducted  on  a  specially-built,  full-size  bridge,  the  writer  bt'tps  to  make 
the  following  suggestions  tar  a  practical  method  for  making  such  tests:  Build  a  single- 
track»  Glass  70,  through-truss  bridge,  with  the  weak  member  designed  for,  say,  Class  40 
loading,  so  that  the  destruction  of  thi  ui  ik  member  could  be  accomplished  without 
injury  to  the  rest  of  the  structure,  thus  facilitating  repairs  for  repeated  U'nti*.  The 
wjnnection  plates  for  the  weak  members  should  be  extm  strong.  After  the  compression 
tests  are  completed,  a  series  of  corresponding  testa  on  tension  members  should  be 
made^  so  as  to  determine  the  real  efficimdes  of  both  tmsion  and  compressicm  members 
and  their  c«Hiqiarative  strengths.  Unless  this  kind  of  a  test  be  carried  out,  we  shall 
never  have  any  really  reliable  test  data,  as  the  existing  data  are,  to  a  great  extent)  mis* 
leading.    It  i.s  advisable  that  more  than  one  value  of  l/r  should  he  tested  for. 

It  should  not  be  overlooked,  in  making  up  a  design  for  a  test  structure,  that  there 
ie  a  neoessity  for  thorough  detailing  throughout,  especially  in  ommection  with  the 
weak  members,  so  that  failure  will  be  in  the  form  of  a  square  break  instead  of  being 
due  to  any  insufficient  detail,  thus  removing  ambiguity.  It  would  be  advisable  to  build 
the  permanent  members  of  th(«  trusses  of  the  test  bridge  of  nickel  steel,  .so  that  the 
permanent  and  the  we^ik  se(*ti(>n8  would  be  .somewhat  alike,  if  the  weak  section  were  of 
the  ordinary  structural  grade  of  carl3on  steel. 

The  most  satisfactory  method  of  applying  the  load  would  be  by  means  of  hydraulie 
presses  or  jacks,  to  be  applied  at  panel  points,  and  all  connected  so  that  the  load  would 
be  uniform.  Pressure  records  should  be  automatically  made.  Control  of  the  applied 
load  by  this  means  would  be  very  simple  and  fK)sitive.  It  would  be  desiral)le  to  make 
tests  for  low  values  of  l/r,  so  as  to  establish  the  necessity  or  otherwise  for  limiting  inten- 
sities of  wotting  slrom. 

Many  of  the  tests  we  are  rdying  on  at  the  present  time  for  our  formuhe  were  made 
on  badly  designed  etmts;  and  I  venture  to  say  that  testes  on  properly  designed  stmts 
would  show  up  stronger  than  the  present  toidenoy  of  the  profession  in  stmt  design 
indicates. 

U  the  series  of  tests  above  suggested  were  thorouglily  carried  out,  the  engineering 
profession  would  possess  boom  autiientic  knowledge  eoneeraing  the  actual  strengths  of 
both  tension  and  compressbn  memben  in  bridgies,  and  a  large  amount  of  guesB  work 
would  be  avoided  in  future  oonstructioiis. 

As  yet  no  steps  have  been  taken  to  materialize  this  suggestion  of  the 
author's.  Probably  the  profession  will  say  that  it  is  up  to  him  to  see  that 
his  pro{X)sed  tests  are  made;  and,  possibly,  after  this  treatise  is  com- 
pleted and  launched,  he  will  find  time  to  make  an  attempt  to  induce  the 
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Federal  GovQCiiiiieDt  to  undertake  the  said  teats  throu^  the  Buieati  of 

Standards. 

The  matter  of  allowiAg  higher  intcnsiti(  s  (if  working  Btreases  for  old 
bridges  in  Bervice  than  those  specified  for  the  designing  of  new  structures 
is  treated  at  leogth  in  Chapter  XLL  on  "  Koonomics  d  Maintenance  and 
Repans." 

There  ia  an  economic  question  concerning  loads  to  which  but  little* 
attention  has  hitherto  been  paid,  viz.,  the  best  way  to  compute  the  total 
loaeling  for  a  foundation  pile.  Most  enp^necrs  ignore  impact  altoji;ether  in 
estinuitinp  the  load  on  piles  supporting  piers  of  l)ridges  utuI  trestles,  and  the 
author  ha.s  often  done  so;  but  there  are  eas<'s  in  which  such  practice  might 
be  unsafe.  An  instance  of  this  kind  occurred  in  a  ('()Mii>etitive  study  made 
by  the  author  in  relation  to  the  r(>l)uilding  of  the  (ialveston  Causeway 
after  a  lar^e  jKjrtion  of  it  had  l)een  (h-stroyed  durinc:  a  hurricane  accom- 
panied by  a  tidal  wave.  'I'here  tlit>  i)iles  wen>  (•(inii)aral ively  short;  and 
they  passed  through  a  thick  laye  r  of  very  soft  iiKitciial  before  reaching  a 
somewhat  firmer  one.  The  layout  under  consideration  was  one  of  rein- 
forced-concretc  gliders;  hence  the  s{)ans  had  to  be  short  and  tlic  piers  small. 
Under  such  conditions  the  vibration  from  jxissinu;  trains  certainly  would 
have  reached  the  piles  from  the  spans  with  compaiatively  little  diminution 
in  effectiveness;  hence  it  was  essential  to  allow  for  impact  on  the  sfiid 
piles.  They  luid  t^)  l>e  proportioned  also  for  effect  of  thrust  of  brakwl 
trains;  but,  as  the  thrust  would  have  been  exerted  when  the  train  speed 
was  slowin^r  down,  it  would  not  hav(»  be<'n  logical  to  combine  the  thrust- 
effect  with  the  full  value  of  impact.  That  was  an  instance  where  the  con- 
sulting engineer  s  judgment  had  to  be  relied  U])on  to  delenuine  the  proper 
combination  of  loads,  and  where  a  lumiliarity  with  the  priucipleb  of  true 
economics  would  be  of  great  value  to  the  owners. 

The  reason  why  the  impact  on  founflation  piles  may  either  be  assumed 
comparatively  small,  or  p<jssibly  ignored  aUogethcr,  are  as  follows: 

Fir  si.  If  allowed  for  at  all,  the  impact  should  be  assimied  for  a  span- 
length  equal  to  the  sum  of  the  lengths  of  the  two  spane  which  the  pier  under 
consideration  helps  to  support. 

Second,  The  impacts  given  hy  f onsuhi  for  any  sp^ln  are  the  greatest 
that  can  come  upon  any  main  truss-member  thereof,  and  are  much 
larger  than  those  for  the  span  as  a  whole,  as  indicated  by  the  ratio  of  mid- 
span  deflections  under  the  same  load  when  moving  and  when  quiescent. 

Third,  The  critical  speed  which  produces  the  impact  given  by  formula 
is  likely  to  be  developed  very  sddom,  if  at  aQ,  on  any  particular  bridge. 

Fourth.  The  massiveness  of  the  pier  will  absorb  some  of  the  shock  that 
reaches  its  top  before  the  said'shock  passes  to  the  base. 

Fifth.  As  the  tops  of  the  piles  are  encased  in  the  mass  of  concrete,  they 
will  act  together  as  a  unit  and  thus  lessen  somewhat  the  impact  per  pile. 
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■ 

BRIOGB8 

Onx  (rf  the  author's  fundamental  motives  in  writing  ''Bridge  fkigineer- 
ing"  was  to  provide  bridge  specialists  with  a  means  of  estimating  quite 
accurately,  and  at  the  same  time  very  quickly,  the  costs  of  8ul)8tructuie, 
superstructure,  And  approaches  for  any  kind  of  bridge  upoq  which  they  are 
ever  likely  to  have  to  figure.  Rather  to  liis  surprise,  the  numerous  review- 
ers of  the  work  almost  entirely  ovwlooked  this  important  characteristic  of 
the  treatise.  As  it  is  one  of  the  most  valuable  features  thereof,  the  author, 
in  order  to  make  known  this  special  usefulness,  drafted  a  set  of  four  prob- 
lems for  solution,  solely  by  means  of  the  cun^^es  of  quantities,  tables,  for- 
mulse,  and  other  infomiation  scatt^'nni  throughout  the  book;  and  arranged 
for  a  stories  of  coinjK'titions  among  the  senior  students  in  a  number  of  tech- 
nical schools,  i\m\  afterwards,  hy  a  ('oni]\irison  of  the  marks  resulting  from  a 
pre-arran^:t'(!  system  of  gradiiij;,  efTectiiig  a  coniix'tition  among  the  said 
schools  thcni.selves  by  (•onij)aring  in  tlie  cohiniiis  of  tlic  technical  press  the 
sums  of  the  marks  of  the  three  prize  winners  in  eai'h  school.  The  judges 
were  appointed,  and  the  syst<'ni  of  marking  wa.s  fixed,  all  ready  for  the 
comparison  of  tiie  unsigned  comiM'titive  pa{K»rs;  hut  the  entering  of  Amer- 
ica into  tlie(ireat  War  so  upset  the  technical  students  all  over  the  countrj-- 
that  the  comix'tition  had  to  be  abandoned.  The  author  is  ready  to  provide 
the  promiscMl  prizes  (b(K)ks  of  no  gr(»at  financial  worth,  l)ut  valuable  a.s 
souvenirs  of  success  in  com[)etition),  in  case  that  any  of  the  teachers  of 
engineering  show  a  desire  to  have  the  ofTer  renewed  for  a  new  set  of  prob- 
lems. As  a  matter  of  po.ssible  interest,  the  original  list  of  questions  is 
reproduced  at  the  end  of  tliis  chapter;  and  the  author  suggests  that,  for 
the  sake  of  pnictice  in  (juick  computation,  engineering  students  tiy  their 
wits  on  the  solution  of  them. 

In  tlie  author's  practice  during  the  last  three  or  four  years  he  has  made 
vcr>'  cjuickly  many  cost  estimates  on  steam-railway,  electric-railway,  high- 
way, and  ecmbined  bridges  by  means  of  the  diagrams,  tables,  and  formula) 
of  "Bridge  Engineering"  for  rolled  I-beam  s})ans,  plate-girder  spans  (both 
deck  and  half-througli),  riveted-truss  simple-spans,  pin-coimected  simple- 
spans,  swing  spans,  cantdevers,  suspension  bridges,  and  reinforced-con- 
erete  structures;  and  the  results  when  tested  have  been  found  to  be  exceed- 
ingly accurate.  The  estimating  of  costs  of  structures  in  this  manner  is  a 
very  easy  task  compared  with  the  job  of  making  similar  computations 
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before  these  records  were  compiled;  consequently  it  is  to  be  hoped  that 
bridge  engineers  will  soon  learn  to  utilize  properly  the  vast  amount  of 
information  collected  by  the  author  in  his  many  years  of  practice  as  a 
bridge  specialist  and  presented  to  the  engineeriDg  profession  in  his  magnum 
opu8. 

The  following  examples  and  their  solutions  will  illustrate  how  the  dia- 
grams are  to  be  used  and  how  quickly  they  give  results: 

Example  No.  1 

What  is  tho  weight  of  structural  stwl  in  a  single-track,  steam-railway, 
Chuss  GO,  rivotetl-truss  brid^je  ljuilt  of  carbon  steel  and  consisting  of  one 
420'  through  span,  two  205',  two  215',  and  two  165'  deck  spans  for  a 
proposed  crossing  of  the  Missouri  iiiver? 

SchUton 

From  Fig.  5&i  on  p.  1228,  and  Fig.  55/  on  p.  1231  of  B.E.,  we  have  the 
following: 

1  420' Thro,  span  (a,  5, 150  ll)s.  =  2,289,000  lbs. 

2  265'  Deck  spans  @  2,075  lbs.  =  1,418,000  lbs. 
2  215'  7  '*  @  2,060  lbs.  =  886,000  lbs. 
2  165'     "       "    @  1,620  lbs.  =   535,000  lbs. 


Total  metal  in  superstructure's, 128,000  lbs. 
Example  No,  2 

A  double-track,  steam-railway,  Class  55  bridgei  having  a  total  length  of 
820'  from  end  to  end  of  superstructure,  is  to  be  built  so  close  to  high  water 
that  half-through  plate-girders  will  be  required.  Assuming  that  there  will 
be  10,  11,  12,  or  13  spans  of  equal  length,  what  will  be  the  total  weight  of 
metal  for  each  case? 

Ignoring  the  small  spaces  over  piers  between  ends  of  girders,  the  various 
span-lengths  will  be  82,  74.5,  ()S..S,  niid  03.1  feet.  Referring  to  Fig.  55r, 
on  p.  1237  of  R.E.,  we  find  the  following  weights  of  metal  per  lineal  foot  of 
structure:  3,800,  3,700,  3,550,  and  3,420.  The  total  weights  of  metal 
will,  therefore  be, 

3,860  lbs.  X  820  =  3, 165,000  lbs. 
3,6?K)  lbs.  X 820  =  3,026,000  lbs. 
3,5.50  lbs. X820  =  2,911 .000  lbs. 
3,400  lbs.  X  820  =  2,837,000  lbs. 

ExampU  No.  S 

What  is  the  weight  of  metal  in  a  double-track,  steam-railway,  Class  65, 
pin-connected,  Pratt-truss  bridge,  built  of  carbon  steel  and  consisting  of 
five  330'  through  spans? 
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SoIMm 

From  Fig.  5566,  on  p.  1246  of  B^.,  we  find  the  waghtof  sapentnietiire 
metal  to  be  7|3S0  lbs.  per  lineal  foot  of  span;  hence  the  total  wei^^t  of  metal 
will  be 

5X330X7,350- 12,127,000  lbs. 
Example  No.  4 

What  is  the  total  weight  of  metal  in  a  doulilr-track,  steam-railway, 
center-bearing  swing-span.  350'  long  between  centres  of  end  supports, 
having  riveted  trusses,  and  carrying  a  Class  50  live  load? 

Solution 

From  Fig.  5566,  on  p.  1246  of  B.K,  we  find  the  weight  of  struetuial 
steel  per  lineal  foot  of  a  350'  fixed  Bpan  to  be  6,460  Ibe.;  and  in  Fig.  56w 
on  p.  1249  theroof  ia  given  83  as  the  percentage  to  apply  for  a  swing  span 
of  that  length  and  the  type  stated;  henoe  the  total  weight  ol  metal  will  be, 

0,450X0.83X350=  1,874,000  lbs. 

Example  No.  5 

A  540*,  riveted,  Petit-truss,  highway  span  with  paved  roadway  on  rein- 
forced ooncrcte  base  and  with  rcinforced-granitoid  sidewalks,  for  which  the 
total  live  load  per  lineal  foot  of  span  for  trusses  is  3,200  lbs.,  has  a  dead 
load,  exclusive  of  weight  of  trusses,  equal  to  7,200  lbs.  per  lineal  foot,  the 
total  clear  width  of  deck  from  out  to  out  being  60'.  What  is  the  weight  of 
eafbon  steel  in  the  two  trusses  required  to  oany  this  loading? 


L 


Solution 

From  Fig.  7e,  on  p.  131  of  B.K,  we  find  the  coefficient  for  impact  with 
fi«ff  ~3  to  be  0.05;  henoe  eadi  truss  load  per  lineal  foot,  eondusive  of  its 
own  weight,  wiD  be  as  foDows: 

Live  load  =  ^  X3,2(K)  Ihs   -1,600  lbs. 

ImiJaet  =  0.05 X  1  .t)(M)  ihs   «  SOlbs. 

Flooring  and  metal  in  floor  and  lateral  sys- 
tems =iX7,200  lbs   -3,600  lbs. 


Summation   -'5,280  lbs. 

Assume  weight  per  foot  of  one  truss  to  be   ->  3,000  lbs. 


Tentative  total  load  per  lineal  foot  per  truss. . . .  —8,280  lbs. 

BeferringtoFig.55M,onp.  1252  of  B  J!.,  for  a  540' span  the  8,000  Ibe. 
eorve  gives  3,100  lbs.  and  the  10,000  lbs.  curve  gives  3,700  lbs.;  hence,  by 
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interpolation,  8,280  lbs.  would  give  3,184  lbs.,  i^howing  that  the  assumed 
trusB  weight  of  3,000  lbs.  per  foot  was  too  light.  Let  us  try  3,260  lbs.  mak- 
ing the  total  load  8,540  lbs.  Int^^rpolnting  as  before  gives  3,2r)2  lbs.  As 
this,  agrees  with  the  assumed  3,260  lbs.,  it  is  correct;  and,  therefore,  the 
total  weight  of  steel  in  the  two  trusses  is 

2X  3,262  X  540=3,523,000  lbs. 
Example  No.  6 

What  is  the  weight  of  metal  in  the  four  shoes  of  a  380'  span,  double- 
track,  steam-railway,  riveted-truss  bridge  for  Class  60  live  load? 

iSolulum 

* 

From  Fig.  6e,  on  p.  106  of  B.E.,  we  find  the  equivalent  unifonn  live 


load  to  be, 

2  X  6,83011)8  =13,660  lbs. 

From  Fi^.  7c,  on  p.  129  thereof,  we  find  the  impact  to 

be  18%  or   2,460  lbs. 

From  Fij?.        on  p.  1243  of  same,  we  find  the  weight 

of  metal  per  lineal  foot  of  span  to  be   8.000  lbs. 

Flooring  for  two  tracks,  say   1 ,000  lbs. 


Total  load  per  lineal  foot  of  span  »  25,120  lbs. 

Weight  of  8pan=25,120X380.   -9,546,000  lbs. 

Load  on  one  shoe-  }X9,546,000  lbs  ......  -2,386,000  lbs. 


From  Fig.  65mm,  on  p.  1257  of  B.E.,  wc  find  the  average  weight  of  one 
shoe  to  be  18,400  lbs.,  hence  the  weight  of  the  four  shoes  is, 

4X18,400  =  73,600  lbs. 
Example  No.  7 

What  is  the  weight  of  metal  per  lineal  foot  of  structure  in  a  singje-trackf 
steam-railway,  steel  trestle,  170'  high,  to  carry  Class  55  live  load? 

Sobdian 

From  Fig.  55rr,  on  p.  1262  of  B.E.,  we  find  the  required  weight  to  be 
3,140  lbs. 

Example  No»  8 

What  is  the  average  weight  of  carbon  steel  per  lineal  foot  of  structure  in 
a  double-track,  steam-railway,  riveted-truss.  Type  A,  cantilever  bridge  to 
carry  Class  70  live  loading,  the  length  of  main  span,  measured  from  centec 
to  center  of  piers,  being  1140  feet? 
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SoUuiion 

From  Fig.  obccc,  on  p.  1273  of  we  find  the  required  weight  to  be 
20,500  lbs. 

Example  No,  9 

Wbat  is  the  yardage  in  a  eoncrete  pier  with  rounded  ends  and  a  half- 
inoh  batter,  having  no  ooping,  the  extreme  top  dimeniiiona  being  8' and  28' 
and  the  kdgbt  52'? 

From  Fig.  5Gfc,  on  p.  1302  of  H.K.,  we  find  the  yardage  of  the  two 
half-tninc4ited  cones  to  be  100;  aiul  from  Fig.  oik/,  on  p,  130-i  thereof,  we 
find  tile  yardage  of  a  strip  one  foot  wide  to  be  19.5;  hence  the  total  volume 
will  be 

IGO-h  (28-8)  X19.6  =  550  cu.  yds. 
Example  No,  10 

What  is  the  yardage  in  a  column-pedestal  4.5'  square  on  top,  14'  high, 
and  having  a  batter  of  two  inches  to  one  foot? 

Sciuiion 

From  Fig^  56ib,  on  p.  1311  of  B.E.,  we  find  the  volume  to  be  25.2  cu.  yds. 

ExampU  No.  11 

What  is  the  yardage  in  a  wing  abutment  for  asingle-track-raflway 
embankment  having  side  slopes  of  one  and  a  half  to  one,  the  vertical  dis- 
tance from  foundation  to  base  of  rail  being  28',  the  height  of  parapet  7', 
that  of  base  2',  that  of  coping  1',  and  that  of  wing  waDs  at  ends  14'? 

SdlvHon 

The  lieight  from  bottom  of  coping  to  foj)  of  base  will  he  alxmt  17',  the 
greatest  height  of  wing  wall  above  top  of  base  25',  and  the  least  height 
thereof  above  same  12'. 

From  Figs.  50o  and  56p,  on  pp.  1315  and  1316  of  B.E.,  we  find  the  fol- 
lowing 

Volume  of  Pai-apct,  Coping,  Shaft,  and  Walls  to  end  of 


Parap<*t  185  cu.  yds. 

'Volume  of  Portions  of  Wing  Walls  extending  beyond 
ParaiK't,  and  above  elevation  of  top  of  Base  = 

190-35  =  155  eu.  yds. 

Volume  of  base  to  v\\i\  of  Paraj)et  =  2X  17  84  cu.  yd.s. 

Volume  of  base  beyond  Parapet  =  2(14.2— 7.2)  =  14  cu.  yds. 

Total  volume  of  abutment  =  388  cu.  yds. 
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These  ffmw»lJ«F  might  be  continued  so  as  to  include  the  finding  of 
quantities  in  retaining  walls,  both  plain  and  reinforced,  reinforced-concrcte 
trestles,  and  reinforced-concrete  arch  bridges,  hut  space  will  not  permit; 
henoe  the  reader  is  referred  for  examples  of  the  estimates  for  such  structures 
to  pages  1317-1347  of  ''  Bridge  Engineering." 

Apain,  by  employing  the  various  formulae  given  in  Chapter  XXVII 
of  that  treatise,  th(»  cost  of  any  highway  or  electric  railway  suspension 
bridge  can  be  quickly  estimated.  As  stated  elsewhere  herein,  the  author 
in  a  single  working  day  matle  thereby  a  close  estimate  of  cost  for  a  2,5(X)'- 
span,  highway  bridge,  including  substructure,  suiK»rstructure,  approaclies, 
and  accessor}'  works,  for  a  proposed  crossing  of  the  Detroit  liiver  at  the 
City  of  Detroit. 

The  eleven  simple  examples  given  should  suffice  to  iUustrate  \  hr  facility 
with  which  one  who  is  familiar  with  "Bridge  Engineering"  can  figure  the 
quantities  of  materials  for  all  oniinar\'  bridges.  Those  for  other  stnictures 
can  he  obtained  in  a  similar  manner  by  the  expenditure  of  somewhat  more 
time,  hut  still  ver>'  readily. 

The  following  are  the  four  student  problems  referred  to  near  the  begin- 
ning of  this  chapter;  and  the  author  again  suggests  that  they  be  solved  by 
any  young  engine(»r  who  desires  to  [KTlect  himself  in  the  art  of  making 
quick  computations  for  costs  of  bridges: 

Problem  A 

The  following  data  for  a  river  crossing  are  supposed  to  be  furnisluMi  by  a 
survey  for  a  double-track,  steaiu  railway  in  the  northwest  corner  of  tiie 
state  of  Arkansiis: 

Width  of  watershtnl  at  crossing   80  miles. 

Width  of  same  at  a  distance  of  forty  (40)  miles  up-stream    41  miles. 

Ditto  eighty  (80)  miles  up-stream   28  nules. 

Ditto  one  hundred  and  ten  (1 10)  miles  ui>-stream   U\  miles. 

Intermediate  widths  are  to  Ik*  directly  interpolated. 

Extreme  length  of  watershed  above  crossing   125  nules. 

Width  of  river  at  a  fairly  low  stage  of  water  when  the 

survey  was  ma<le   520  feet. 

Maximum  depth  of  water  at  the  same  time  at  a  point 
about  one  hundred  and  ten  (110)  feet  from  the 
water's  edge  on  the  left  bank   5  feet. 

Average  depth  of  water   3.3  feet. 

Greatest  obeerved  surface  velocity  at  crossing  when  sur- 
v^  was  made,  being  the  average  of  four  observa- 
tions  2.65  ft.  per  sec. 

three  (3)  vertical 

Side  slope  on  left  bank  where  the  rock  is  exposed  <  to  one  (1)  horiion- 

Ital. 

Height  of  top  of  left  bank  above  water  at  time  of  survey .    15  feet. 
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Side  slope  on  the  right  bank  of  the  stream,  from  water's 

edge  to  break  of  bank  (a  distance  of  thirty-five  (35) 

fort)  one  (1)  vertical  in  five  (5)  horiioiitaL 

Height  of  top  of  right  bank  above  suifaoe  of  water  when 

survey  was  made   7  feet. 

Wicith  of  level  portion  of  top  of  right  bank   80  feet. 

Falling  slope  back  of  right  bank  for  a  distance  of  eight 

hundred  (800)  feet  averages  four-tenths  (0^)  of  one 

pef  eent. 

Then  comes  a  dry,  level  slough,  three  hundred  (300)  feet 
wide;  and,  finally,  there  is  a  rising  grade  of  seven- 
tenths  (0.7)  of  one  per  oont  for  a  distance  of  some 

eighteen  hundred  (1,800)  feet. 
A  profile  of  the  crossing;  is  shown  in  Fig.  17a. 

Avenigc  sIoih-  of  ri\'('r  for  first  ton  (10)  niilos  uivstream  is  1.37  feet  per 
mile;  and  in  each  ten-mile  stretch  beyond  it  increases  regularly  by  one 
and  ono-t<'iith  (1.1)  feet  per  mile. 

Tho  strouin  at  times  carries  considerable  drift,  but  there  is  no  proba- 
bility  of  the  channel  changing. 

Borings  near  the  water's  edge  on  tho  ripht  side,  at  time  of  survey,  showed 
five  (5)  foot  of  silt,  sixteen  (1())  foot  of  sand,  ruiming  from  fine  at  top  to 
coarse  at  bottom,  then  gravel  vor>'  fine  at  fii-st  but  increasing  in  coarseness 
gnulually  with  the  d(>pth,  the  vertical  measurements  being  made  from  the 
elevation  of  tho  water. 

Material  of  the  low  bank  and  of  the  flat  is  sandy  loam  covered  with 
vegetation  that  would  offer  couaiderable  resistauce  to  scour.  Across  the 
slough  the  material  is  hardcT. 

Tho  crossing  is  near  the  middle  of  a  long,  easy  bend  in  the  stream;  and 
the  current  at  high  water  impinges  ajjainst  the  rocky  bank. 

Highest  water-mark  found  was  al)oul  eight  fwt  above  tho  water  level 
at  time  of  survey.    No  rehable  recortls  of  floods  wore  obtainable. 

Rainfall  on  watershed  averages  about  forty-five  (45)  inches  per  annum. 

(I ratio  Une  ou  structure,  twelve  (12)  feet  above  the  extreme  future  high- 
water. 

Clearance  Une  for  superstructure,  at  least  four  (4)  feet  above  same. 
Crossing  is  entirely  on  tangent  and,  as  nearly  as  may  be,  at  right  angles 
to  the  current. 

Superstructure  is  to  be  of  steel,  and  substructure  of  concrete. 
PQes  may  or  may  not  be  used  for  foundations. 

The' channel  pier  foukidaiions  must  go  to  a  depth  of  twelve  (12)  feet 
Mow  greatest  probable  scour  m  case  piles  are  employed,  or  twenty  (20) 
feet  below  same  m  case  that  they  are  not. 

Approaehes  are  to  be  of  earth  embankment,  but  it  is  peiraissible  to  put 
in  some  wooden  pfle  trestle  across  the  dough,  if  investigatioii  should  indi- 
eate  it  to  be  neoessaiy. 
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There  are  no  restrictions  as  to  span-kogths  or  locatiaiis  of  pMn»  becaose 

the  river  is  not  navigable. 

The  typo  of  floor  is  tho  ordinaiy  one  of  untreated  wooden  ties  and 

guards  with  eighty  (80)  pound  rails. 
The  live  load  is  Waddcll  s  Class  60. 

The  following  are  tho  cost.s  of  tho  various  materials  delivered  at  site: 
Cement  two  dollars  ($2.(K))  \k*t  bbl. 

Broken  stone  and  gravel,  one  dollar  and  fifty  cents  ($1^)  per  cubic 
yard. 

Sand  (clean  and  ready  for  uho),  ono  dollar  ($1.00)  per  cubic  yard. 
Timlx'r,  twenty-two  dollars  ($22.00)  per  M.  feet  B.  M. 

Piles,  twontj'  (20)  cents  |x?r  lineal  foot. 

Structural  st(>ol,  4.5  cents  per  pound  for  truss  spans  and  4J2  cents  per 

pound  for  plate-jj;irder  spans. 

Rails,  forty-two  dolliii-s  (S42.00)  per  long  ton, 

Tlic  followintr  are  tlie  schedule  costs  of  tlie  erection  work: 

Sinking:  of  piu  uniatic  caissons,  five  dollars  ($5.00)  jkt  cubic  yard. 

Sinking  by  open-dredging,  three  dollars  and  fifty  centtt  ($3.50;  per  cubic 

yard. 

Driving  ])iles  for  trestle,  t  wrnt y  (20)  cents  per  lineal  foot. 

Driving  pil(>s  for  foundations,  forty  (4()j  cents  p<T  lineal  foot. 

Erection  of  nielal,  including  cost  of  falsework  and  painting,  1.2  cents  per 
pound  for  truss  sjjans  and  O.S  cent  per  pound  for  ])late-girder  spans. 

riu'  problem  is  to  delerniine  the  exti-eiiie  high-water  ])rofiles  both  In'foro 
and  alter  tho  structure  is  completed,  to  make  an  economic  layout  of  spans, 
piers,  and  abutments  for  tho  propos<^d  bridge,  and  to  prej)aro  an  estimate 
of  cost  of  the  finished  structure,  exclusive  of  tiie  earth  embankments. 

Problem  B 

Given  tho  profile  for  a  dr>'-gulch  crossing,  as  shown  in  Fig.  Mb,  to 
deternune,  for  a  combined  highway-and-elcctric-railway,  reinforced -con- 
crete arch  bridge,  having  a  clear  roadway  of  forty-four  (44)  foot  and  two 
sidewalks  each  eight  (8)  feet  wide  in  the  clear,  the  quantities  of  all  the 
materials  in  th^  structure  and  an  esttmato  of  its  cost  excluding  the  earth 
fills. 

The  live  loads  are  to  be  taken  as  follows: 

For  the  electric  railway,  Class  25. 

For  the  wagonways,  Class  B 

For  the  sidewalks,  Class  C. 
Piermissible  pressure  on  foundations,  five  and  a  half  (5.5)  tons  per  square' 
foot 

Arches  are  to  be  of  the  ribbed  tsrpe  with  two  (2)  ttnes  of  ribs. 

Average  depth  of  excavation  for  foundations  is  to  be  six  (6)  feet. 

For  unit  prices  of  materials  in  place,  the  average  costs  given  in  TaUes 
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57a  and  67d  of  "Bridge  Iiiigizieeriiig  "  are  to  be  employed,  except  that 
the  cost  for  oonerete  in  arch  ribs  ie  to  be  taken  as  $17.00  per  culnc  yard* 

PnMemC 

Given  the  i)rofile  for  a  erossing,  ;us  show  ii  in  Fig.  17c,  to  detennine  the 
eeonomic  layout  and  the  total  weight  of  structural  steel  nxiuired  for  a 
double-track,  ateum-railway  trestle  to  carry  Clixas  55  live  load. 

Probkni  D 

Grven  the  profile  for  a  croBsing,  as  shown  in  Fig.  17d,  to  detennine  the 
economic  8paii4eiigtbs  and  to  prepare  a  complete  estimate  of  cost  for  a 
reinforoed-concrete-girder  structure  to  carry  a  thirty-six  (36)  foot  roadway 
and  two  (2)  sidewalks  each  six  (6)  feet  wide  in  the  clear,  the  roadway  being 
paved  with  creosoted-wood  blocks*  An  earth  fill  is  to  be  used  at  each  end, 
but  t  he  toes  of  the  front  slopes  are  not  to  extend  beyond  the  points  marked 
A' and  B  on  the  profile.  Abutments  will  not  be  employed,  the  end  columns 
being  buried  rompletely  in  the  embankments.  The  live  loads  are  to  be 
OaSB  A  for  the  roadway  and  Class  B  for  the  sidewalks.  The  permissible 
pressure  on  the  foundations  is  to  be  three  (3)  tons  per  square  foot.  The 
depths  of  the  footings  below  ground  are  to  average  six  (6)  feet. 

The  slopes  for  the  fills  are  to  be  one  and  a  half  (1.6)  horisontal  to  one 
vertical 

For  unit  prices  of  materials  in  place,  t  he  average  costs  given  in  Tables 
57a  and  57d  of  ' '  Bridge  Engineering  "  are  to  be  employed. 


These  four  proljlems  were  specially  chosen  for  the  purpose  of  making 
the  comjx^titors  ])roficient  in  the  quick  computation  of  approximate 
quantities  of  materials  and  costs  of  structures,  and  to  train  their  judgment 
in  the  important  matter  of  the  determination  of  best  possible  layouts  for 
bridges. 
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CHAPTER  XVIII 

ECONOMIC  8PAM-LENQTHfi  FOR  SIMrL}:-TUrs.s  BRIDGES  ON  VAfilOUS  TYP£S 

OF  FOUNDATION 

Undku  the  caption  of  tliis  chapter  Ihcrc  was  ilelivercd  l>y  the  author 
on  Scptciiil)cr  lo,  1919,  l)cforc  the  Western  Society  of  iMi^ineers  a  jjajXT 
based  upon  some  two  hundred  bona  jldc  sixn-ial  estimates  of  cost  and  illus- 
trated by  thirty-six  dia}2;raTns.  Th<>se  ilhist rations  are  interesting  in  that 
they  show  graphically  how  the  economics  for  various  types  of  structure 
vary  with  thcdejjth  of  tlie  foundation;  hut  it  has  not  l)een  thought  neces- 
sary to  repHMiuce  here  more  tlian  a  single  set  (four)  of  them  and  one  a(idi- 
tional  diagram  (Fig.  18/j)  in  wliich  all  the  lesults  have  lu'en  com])ined  in 
a  general  way  l)y  ignoring  certain  small,  abnormal  variations  caused  by 
slight  irregularities  due  t(»  the  employment  ol  special  instead  of  general 
data  in  making  the  calculations. 

The  paper  reads  as  follows: 

Up  to  the  present  time  the  general  knowledge posse.ssed  l)v  the  engineer- 
ing profession  concerning  economic  sjjan  lengths  for  bridges  has  been  rather 
crude  and  unsatisfactorj'.  Until  tiiree  decades  ago  tlie  oidy  data  available 
on  this  subject  were  covered  by  the  broad  statement  that  the  greatest 
eeononiy  in  a  bridge  layout  exists  wlien  the  cost  of  a  span  is  ecpial  to  the 
cost  of  a  pier.  In  his  i^amphlet  on  "General  Specifications  for  Highway 
Bridges  of  Iron  and  Steel,"  issued  in  1888,  the  author  pointed  out  tlie  fact 
that  the  then  popular  impression  coneeming  this  question  was  incorrect, 
because  the  cost  of  the  floor  is  constant,  and  hence  the  adjustment  is  one 
between  cost  of  Bubstracture  and  cost  of  metal  in  trusses  and  laterals: 
Three  yeare  later  be  gave,  in  a  pajx  i  published  by  ''Indian  Engineering," 
a  mathematical  demonstration  of  the  theoiy  of  the  economics  of  bridge 
layouts,  showing  that  the  greatest  economy  will  exist  when  the  cost  of  a 
pier  is  equal  to  one-half  of  that  of  the  trusses  and  laterok  of  the  two  spans 
which  it  helps  to  support.  Tlxis  demonstration  was  based  upon  the  assump- 
tions that  the  piers  rest  on  hard  material  at  moderate  depth  and  that,  in 
most  cases  being  of  minimum  sise,  th^  would  not  vaiy  in  Himtwiai^m^  or 
total  cost  for  smsJl  changes  in  the  span-lengths. 

This  principle,  though,  is  not  applicable  to  the  case  of  piers  resting  on 
sand  or  on  piles,  because  the  cost  per  lineal  foot  for  substructure  is  often 
nearly  constant  for  all  moderate  span-lengths,  while  that  for  the  super- 
structure augments;  and  this  fact  is  not  at  all  generally  leoogniaed  by 
bridge  designers.  It  has  become  evident  of  late  to  the  author  by  reason  of 
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some  importaiit  bridge  studies  which  he  has  been  called  upon  to  make  in 
his  praetiee,  that  there  is  needed  by  the  profession  a  eystematio  investigi^ 
tion  to  determine  in  an  authentic  manner  the  eoonomie  span-lengths  for 
simple-truss  bridges  to  suiqwrt  the  different  kinds  of  live  loads  by  piers 
resting  on  various  types  of  foundation  at  all  practicable  depths,  ami  to 
oonfoim  to  changing  market-prices  for  materials  in  place. 

In  oonnection  with  the  series  of  economic  studies  on  bridge  design  which 
the  author  has  been  making,  espedaUy  of  late  years,  and  which  he  hopes  to 
complete  before  he  p.is-(  s  on,  this  question  had  to  be  settled  sooner  or 
later,  consequently  he  has  just  spent  three  weeks  in  computing  the  actual 
costs  of  lx)th  substructure  and  superstructure  for  over  two  hundred  cases 
of  bridge  layouts  covering  tlie  following  combinations: 

Railway,  Highway,  and  Combined-Railway-and-Highway  Bridges  on 
Concrete  Pier-Shafts  overlying  Caissons  or  Cribs  resting  on  Sand,  Bed 
Kock,  or  Piles,  and  reaching  to  depths  below  low  water  of  50,  100,  150,  200, 
and  250  feet;  also  for  low,  medium,  and  high  conditions  of  the  material 
market. 

Tlie  fact  that  all  the  computations  were  prepared  by  the  author  alone, 
and  without  a  detailcHl  check  on  the  figuring,  neiul  not  cause  any  doubt 
alx)ut  the  coi  nM  tness  of  the  results  of  his  work,  because  all  of  them  were 
plotted  on  cross-sect  inn  diagrams,  and,  conse<iueiitly,  whenever  any  error 
of  the  least  iiii|)ortance  was  made  it  was  detected  at  once. 

This  investigation  owes  its  existence  to  the  fact  tliat  recently  the  author 
as  a  member  of  the  Board  of  Advisory  Engineers  to  the  Public  Belt  Railroad 
Commission  of  X(nv  Orleans  (appointed  to  study  the  (juestion  of  bridging 
or  tunneling  the  Mississippi  Hiver  at  or  near  that  city),  had  occasion  to 
make  a  large  numl)er  of  lay«iuts  with  cost  estimates  for  railway,  highway, 
and  coml)ined-railway-and-highway  bridges  having  sand  foundations  two 
hundred  anil  fifty  feet  below  the  (!iilf  level.  While  the  coudil iorts  prece- 
dent for  those  computations  weic  nscl  for  certain  of  the  lay(»uts  of  this 
investigation,  tlie  actual  i-esults  thereiil  were  not  incoijxnated,  because^  all 
the  calculations  involved  in  this  ])aper  were  special  and  had  to  be  systema- 
tize<|.  However,  there  were  numerous  deductions  made  from  the  New 
Orleans  P>ridge  studies,  wliich  periuittcd  the  adoption  of  valuable  short 
cuts  in  figuring. 

A  lar^e  portion  of  the  flata  en)ploy<'d  in  making  estimates  of  cost  was 
taken  from  tlu^  various  diagrams  given  in  "Bridge  Engineering,"  including 
hvc  loads,  impact,  and  weights  of  metal. 

The  following  are  the  as.-^umptions  and  conditions  precedent  adopted 
for  the  series  of  calculations; 

CUAiUCTER  OF  StRUCTUBES 

The  different  clasBes  of  bridges  covered  are  Double-Track-Railwa>', 
Single-Track-Railway,  Standard-Highway,  and  Combined  Double-Track- 
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Raihvay-anci-Highway,  all  inotal  being  carl)on  stocl  (excepting  in  one  8et 
of  e.stiiiiates  where  nickel  steel  was  employed),  the  railway  floors  l>eing 
open,  the  highway  floors  being  paved  with  crwjsoted  blocks  renting  on  a 
reinforced-conerete  ba.se,  the  foot-walks  being  slabs  of  reinforced  grani- 
toid, and  the  handrails  being  of  steel. 

The  highway  l)ridges  considered  are  all  of  the  author's  adopted  standard 
type,  viz.,  carbon-steel  trusses,  laterals,  and  floor-system  with  a  42-f(x)t 
paved  roadway  supported  on  a  reinforced-conerete  bast^  two  H-foot  side- 
walks of  reinforced  granitoid  carried  on  cantilever  brackets,  and  two  steel 
handrails,  making  the  deck  about  sixty  feet  wide  from  out  to  out,  exclusive 
of  the  space  occupie(i  l)y  tlie  trusses  in  through  l)ridges. 

All  pier-shafts  are  of  plain  concrete  with  a  coping,  the  batter  being 
I"  to  r  for  low-level-railway  and  low-level-combined  bridges,  I"  to  1' 
for  high-level-railway  and  liigh-level-combined  bridges,  and  to  1'  for 
highway  l)ridges. 

All  caissons  founded  on  sand  are  of  timber  with  concrete  filling  and 
having  steel  bases  and  cutting  edges;  and  they  are  made  as  light  as  is 
legitinuite  l)y  omitting  to  fill  a  large  proportion  of  the  excavating  shafts. 
But  when  the  caissons  reach  bed  rock  they  are  assumed  to  l)e  fille<l  solid. 
The  dei)th  of  water  in  each  case  is  taken  as  one-third  of  the  vertical  dis- 
tance between  extreme  low  water  and  caisson  footing. 

In  the  i)ile  piers  the  piles  are  seventy-five  feet  long  and  project  sixty 
feet  below  the  bases,  which  are  assumed  to  be  twenty  feet  high,  the  piles 
being  spaced  three  feet  from  center  to  center. 

The  character  of  the  materials  passed  through  during  the  sinking  is 
assumed  to  be  the  ordinary  muEture  of  sQt,  quicksand,  soft  g;iimbo,  and 
other  river  depodts,  overlying  either  coarse  sand  suitable  for  foundations, 
or  bed  totk. 

Methods  of  Pibb  Sinking 

The  methods  assumed  for  sinking  the  caissons  are  those  of  open  dredg- 
ing and  the  pneumatic  process,  tiie  former  Ix-ing  employetl  when  the  bases 
are  to  rest  on  sand  and  the  latter  when  they  arc  to  reach  bed-rock.  In  the 
case  of  pile  piers,  the  open  l)ox  is  first  to  be  sunk  l)y  dredging  to  tlie  required 
d(>pt)i,  tlien  the  piles  are  to  hv  driven  inside  of  it,  and  finally  the  remaining 
space  is  to  be  iiUed  with  concrete. 

Specifications  for  Designing 

The  spedfications  for  the  designing  of  superstructure  are  thoee  given  in 
Chapter  LXXVIII  of  "Bridge  Engineering,"  and  those  for  the  designing  of 
substructure  are  to  be  found  in  Chaptere  XXXIX  to  XLIII,  inclusive,  of 
that  treatise. 
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Loads 

The  live  loads  for  superstructure  for  the  several  kinds  of  bridges  are 
given  on  Fig.  18a,  and  those  for  substructure  on  Fig.  186.  The  former 
include  impact  allowances,  while  the  latter  do  not.    Fig.  18c  records  the 


1  t    t  1  iuuuiiiiiiiiiiiiiimni 

2!;;  li:jut;^^^^^ra 


5DD 

Spon    in  Fcch 

Fig.  18a.    Live-Plus-Impact  Loads. 

weights  of  metal  per  lineal  foot  of  span  in  the  superstructures  of  the 
various  kinds  of  bridges  considered.  The  hve  loads  for  highway  and  com- 
bined-railway-and-highway  bridges  include  the  proper  allowances  for 
electric-railway  cars  or  trains. 

The  weights  per  lineal  foot  for  the  flooring  are  as  given  in  Table  18a. 
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Permissible  Puessukes  on  Soil  and  Piles 
For  sand  foundutions  the  nicthcxl  of  cleteniiiiiiii^  the  pcniiissible 
pressure  beneath  the  hiiae  of  the  caisson  is  that  evolve<.i  by  the  author  in 
mitkif^  his  before  mentioned  computations  for  the  New  Orleans  Biidgs 


FiQ.  18b.  Live  Loads  Without  Impact. 


study.  It  oonsists  of  allowing  four  tons  per  square  foot  phis  the  inteDsUy 
of  pressure  on  the  adjacent  soil  at  the  elevation  of  the  base,  due  to  the  imI 
we^t  of  the  overlying  solid  material,  after  having  deducted  from  the  net 
weight  of  the  caissonanditssuperimposedloadforside  friction  at  the  rate  of 
400  pounds  per  square  foot  of  lateral  surface  in  contact  with  solid  material 
The  net  weight  of  the  water-soaked  timber  in  the  caisson  is  taken  as  wfo 
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and  that  of  the  concrete  at  eighty  pounds  per  cubic  foot.  The  partially-filled 
caissons  when  complete  weigh  about  fifty-six  pounds  net  per  cubic  foot. 

As  a  matter  of  precaution,  the  caissons  have  to  be  figured  for  side- 
frictional  resistance  of  600  pounds  per  square  foot  during  sinking,  or  some- 


o     \oo    200    300    ^UK>   GOO    6a»tt  ijaatm  ^oocwflce  wMoa. 

Fia.  18c.   Total  Weights  of  Metal  in  Superstructures. 


times  (in  extreme  cases)  500  pounds  per  square  foot.  Of  course,  it  is  prac- 
ticable to  load  temporarily  the  caisson  as  it  reaches  the  neighborhood  of  its 
final  position;  but  such  an  expedient  is  sometimes  costly  and  troublesome, 
hence  it  is  bi'tter  to  design  it  large  enough  to  avoid  the  probabihty  of  holdup. 

Some  engineers  have  objected  to  relying  ujxjn  side  friction  in  supporting 
the  load,  but  their  contention  is  wrong,  IxH'ause  it  certainly  does  exist, 
and  it  lias  to  be  overcome  before  any  settlement  of  the  finished  pier  can 
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'occur.  In  the  case  oi  long  piles  driven  into  soft  mateiial,  it  k  almost 
entiroly  the  side  frictum  which  givee  them  supporting  power.  Again, 
eomeone  magr  questioin  the  correctness  of  loading  sand  apparently  as  high 
as  nine  tons  per  square  foot  at  a  depth  of  250  feet  below  low  water  level, 
when  the  depth  of  water  is  eighty  feet ;  but  it  muet  be  rememberod  that  the 
net  weight  of  170  feet  of  earth  loads  the  soil  some  five  tons  per  square  foot, 
and  that  before  any  settlement  can  occur,  the  material  adjacent  to  the 
eaisBon  has  to  be  raised.  The  reason  for  this  is  that  the  sand  at  such  a 
great  depth  is  practically  incompressible,  so  that  for  any  settlement  to 
occur  it  must  flow.  It  cannot  flow  downward  or  laterally,  because  there  is 
no  vacant  space  for  it  to  fill;  consequently,  if  flow  it  must,  it  will  have  to 
pass  upward;  and,  in  order  to  do  so,  it  must  lift  a  large  column  of  the  adja- 
cent solid  material.  In  the  author's  opinion,  it  would  take  an  excessively 
large  unit  loading  on  the  base  of  a  filled  caisson  resting  on  coarse  sand  at  a 
depth  of  two  hundred  and  fifty  feet  to  cause  the  sUghtest  settlement. 


TABLE  18a 


Weight  per  Lon^U  Foot 

ChMaotor  of  strootun 

for  FkxmngExduahreof  all 

Steel  but  Reinforemg  Ban 

5,800  pounds 

6,900  pounds 

900  pounds 

400  pounds 

^100  potmds 

The pennissible loading  for  long  piles  has  been  takenatforty  tons  per  pOe, 
this  being  in  accordance  with  the  author's  practice  for  a  quarter  of  acentuiy; 
and  he  has  never  yet  found  any  settlement  to  occur  under  such  loading. 


Unit  Prices  of  Materials  in  Piacb 
The  foUowing  table  gives  the  unit  prices  for  materials  in  place  aHWimed 
for  the  purpose  of  this  investigation: 

 TABLE  m   

Condition  of  Market 


Matorisb 

• 

Low 

Medium 

Structural  8t<?el,  [kt  {)ound  

Coucrct'O  shafts  of  20'  average  thickiiusu,  per 

$9.00 

$12.00 

$15.00 

Mass  of  eaiBwms,  including  all  mataiak,  for  a 

width  of  30'  ixnd  a  height  of  IW,  sunk  by 

open-drpflRiMK.  por  nibir  vnrd  

15.00 

20.00 

25.00 

Mas8  of  rrih^.  including  encloned  pile-heads, 

15.00 

20.00 

25.00 

Portion  of  long  piles  projecting  bdow  base  of 

.75 

1.00 

1.25 
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For  the  "Medium  Conditioii  of  Maifcet»"  the  inice  per  eubio  yard  of  the 
shafto  18  to  be  modified  by  the  addition  or  subtraotum  of  fifteen  oente  for 
each  foot  of  variatioii  from  the  assumed  average  of  twenty,  the  graate  ilie 
thickness  the  smaUer  the  unit  price.  For  inatanoe,  if  a  shaft  were  12  feet 
wide  under  coping  and  IS  feet  wide  at  the  bottom,  the  avenge  width  would 
be  15  feet  and  the  unit  price  for  medium  market  $12.75. 

For  the  same  market  condition  the  unit  price  for  mass  of  caissons  is  to 
be  modified  by  the  addition  or  subtraction  of  ten  cents  for  each  foot  of 
variation  from  the  assumed  average  of  thirty,  the  wider  the  caisson  the 
smaller  the  price  per  cubic  yard.  A^rain,  for  t  he  said  market  condition,  the 
unit  price  for  mass  of  caissons  is  to  be  modified  by  the  addition  or  sub- 
traction of  two  cents  for  each  foot  of  variation  from  the  assumed  average 
height  of  one  hunthed  and  fifty  feet,  the  deeper  the  caisson  the  smaller  the 
unit  price.  For  instanee,  with  medium  condition  of  market,  the  unit  price 
for  a  caisson  tw^ty-six  feet  wide  and  two  hundred  and  forty  feet  high 
would  be 

20.00+4X0.10-90X0.Q2»|18.60. 

For  the  other  two  assumed  conditions  of  the  market,  these  figures  of 
modification  would  have  to  be  multiplied  by  the  ratios  indicated  in  the 
table,  viz.,  0.75  and  1.25. 

Without  these  modifications  of  unit  prices  for  substructure,  the  investi- 
gation would  be  not  only  iUogical,  but  incorrect.  The  variation  in  cost  of 
shafts  per  cubic  yard  is  due  priflaarily  to  the  lower  unit  oost  oi  fnrms  for 
thick  piers,  but  also  somewhat  to  the  economy  effected  by  manufacturing 
and  handling  larger  of  concrete.  The  latter  reason  applies  also  to 

thetwovariationsinthecoBtof  mass  of  caissons;  but  the  main  cause  there- 
of 18  that  the  total  cost  of  cutting  edge,  shelter  against  current,  and  flota- 
tion to  final  location  are  the  same  for  a  shallow  base  as  for  a  deep  one. 

The  prices  per  cubic  yard  for  caissons  sunk  by  the  pneumatic  process, 
under  medium-market  conditions,  have  been  nmde  two  ddlars  greater  than 
those  for  caissons  sunk  by  open-dredging.  This  is  in  conformity  with  the 
author's  bridge  experience  of  nearly  four  decades.  It  is  due  primarily  to 
the  more  rapid  sinking  by  open  dredging  and  the  greater  cost  of  the  pneu- 
matic outfit,  but  also  to  the  fact  that  the  pneumatic  caissons  are  generally 
filled  solid,  while  the  opeurdredging  caissons  often  have  their  excavating 
weDs  only  partially  filled. 

The  price  used  for  zuckel  sted  superstructure  in  plaoe  for  medhmi 
market  conditions  has  been  taken  as  eight  and  a  haU  cents  per  pound;  for 
the  reason  that  the  last  ante-beUvm  figures  quoted  to  the  author  made 
the  price  of  nickd-eteel  two  and  a  half  cents  per  pound  hii^er  than  that  of 
oaifoon-eteeL  The  weights  of  metal  in  niokel-steel  superstructures  were 
computed  by  means  of  ratios  determined  from  diagrams  given  in  the 
author's  paper  "Nickel  Steel  for  Bridges."* 

*  See  Trans.  Am.  Soc.  Civ.  Engrs.  for  1900. 
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Method  of  Dvtebiiining  ths  Economic  Sfan-Lbnoihb 

In  detennining  the  economic  span-lengths,  computations  were  made 
for  the  volumes  of  concrete  in  shafts,  volumes  of  caissons,  volumes  of  cribs, 
total  lengths  of  piles  l3<^lovv  crib  bases,  and  weights  of  metal  in  spans,  but  no 
notice  was  taken  of  the  oofit  of  iloohug,  as  that  is  a  coostaat  for  ao^ 
bridge. 

It  might  be  well  to  mention  that  while  the  Mhseissip  of  the  diagrams  give 
the  span  lengths  measiutul  from  center  to  center  of  end  pins,  the  costs  of 
structure  per  lineal  foot  were  computed  by  using  the  distance  from  center 
to  center  of  piers. 

In  making  each  of  these  cost  estimates  tliere  was  assumed  a  structure  of 
indefinitely  great  length  and  unvarying  protile,  so  that  the  sum  of  the  cost 
of  the  steel  work  \n  a  span  and  tlie  cost  of  a  complete  pier  divided  by  the 
horizontal  tlistance  between  adjacejif-pier  centers  gives  the  comparing  cost 
per  lineal  foot  of  structure,  although,  as  before  indicated,  not  the  complete 
cost  thereof. 

The  results  of  all  calculations  made  were  plottt^i  on  cross-section  dia- 
grams, but  only  a  few  thereof  have  been  reproduced  herein.  However,  the 
important  deductions  from  all  the  estimates  have  bet^n  tabulated.  The 
plotting  was  done  with  the  utmost  care,  and  due  consideration  was  given  to 
a  proper  det<»rmination  of  the  economic  span-length.  As  previously-  indi- 
cated, a  mnnber  of  arithmetical  errors  were  located  and  corrected  by  reason 
of  irregularities  in  the  curves,  thus  making  the  latter  truly  reliable.  In 
almost  all  cases,  at  least  four  points  were  plotted  from  computations,  in 
order  to  locate  the  cur\'es  of  cost  for  substructure  and  for  the  steelwork  of 
superstructure;  and  a  combination  of  these  was  used  for  locating  a  few 
intermediate  points  on  the  curve  which  gives  the  combined  cost  of  sub- 
structure and  steelwork.  In  a  few  instances,  though,  three  points  for  the 
lo«rar  curves  were  found  to  be  sufficient  for  a  correct  plotting  of  the  upper 
curve. 

RSCOIiDiNG  DlAGIiAMS  AND  TaBLE 

On  Figs.  ISd  to  18g,  indusive,  are  graphically  recorded  Bpecfanen  di^ 
grams  of  the  results  of  the  special  calculations.  Each  diagram 
three  curves,  one  for  substrooture,  one  for  steelwoik  in  superstructure,  and 
the  other  for  a  combmation  of  these  two.  The  computed  cost  points  there- 
for are  marked  on  the  three  curves,  respectively,  ctrdesy  squaras,  and 
diamonds.  The  absdssiB  of  these  diagrams  give  the  qmn-lengths  in  feet^ 
measuring  from  center  to  center  of  bearings;  and  the  ordinates  reoord  the 
cost  per  lineid  foot,  measuring  from  center  to  center  of  piers.  On  each 
diagram  is  clearly  indicated  the  span-length  for  greatest  eoonooQr;  and  it  is 
to  be  noticed  by  the  flatness  of  the  upper  curves  that  a  variation  of  tweoty- 
five  feet  or  more,  either  above  or  below  the  economic  length,  will  make  very 
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little  difPerenoe  in  the  oort  per  foot  of  Btructure.  Each  diagram  is  provided 
with  a  title  which  indicates  clearly  the  ^ype  of  structure  and  depth  of 
foundation  to  which  it  refers.  Unless  otherwise  shown  thereon,  these 


no.  18d.  Ootte  per  Lineal  Foot  of  Structure  for  Low-LmI,  CwnbiiMid  Bridftt  on 

Sftiid  FoundaOooB  100  Feet  Deep. 


diagrams  relate  to  normal  or  medium  conditions  of  the  material 
market. 

In  tho  following;  table  is  fjivcn  a  r(38um^  of  the  results  of  most  of  the  cost 
computations  that  were  prepared: 
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TABLE  ISe 


R^um£  or  RC8ULTO  or  ('omi'ltations 


Cliaracttir 

Dcoth  of 

Economic 

ChaiBcter  of  Stractuie 

of  Foun- 

Caisson 

Spun 

xienuHM 

dations 

i'liotiniDi 

jA-tl((tllS 

liOW'IiBvel  CombiiiBd  

Sand 

100' 

275' 

Low-Lovel  Goodlniied  

Sand 

ISO' 

300' 

shaft  Pa*«^ 

Low-IiBvel  Combined  

Sand 

2(X)' 

325' 

1"  to  V 

Low-Ixivol  Coinbinod 

Sand 

2'A)' 

350' 

Low-Level  D.  T.  H.  11  

Sand 

KM)' 

275' 

Low-Level  D.  T.  R.  II 

Sand 

150' 

310' 

onaii  iiailcr 

Low-Level  D.  T.  R.  R  

Sand 

200' 

300' 

1"  in  1' 

Low-Level  D.  T.  11.  U  

Sand 

zac 

430' 

Ilii^h-Levcl  Combined  

Sand 

100' 

r  '>75' 

i 

Sand 

150' 

300' 

i~iiaii  jvaiicr 

Hijuh-Level  Combined. .  ....  i ... . 

Sand 

^' 

325' 

Ilieh-Level  Combined  

Sand 

250' 

350' 

1 

Low-Level  Combined  

Rock 

60' 

250' 

ineuinauo 

Low-Ij<^vel  Ooinbined  ........ 

Rock 

100' 

*  wr 

300' 

} 

CaiBBons 

Low-Level  D.  T.  R.  R  

Rock 

50' 

275' 

■ 

1  nriiuuiuc 

Low-Level  D.  T.  R.  R   

Rock 

100' 

325' 

Caissons 

Hiflch- Level  Coinbiiied. 

Rock 

50' 

ouu 

1  ncuniaiK! 

Hirii-Level  Combined.  

Rock 

100' 

sum' 

1 

v^aiBoouo 

Low-Level  S.  T.  R.  R.  

Rock 

fiO' 

2ov 

• 

I  uvunuiuc 

Low-Level  S.  T.  R.  R.  

Rock 

ino' 

300' 

Caissons 

HiRh-Level  Cornbincxi.  

Pilra 

20' 

175' 

1  w\ \\j  1  .A1  f£\\    111  (T  n  ti'  t>  \  r 

Sand 

1 IW 

luiy 

300' 

1  ^MXr^  1  Airol   r\  1  fTn  u?o  vr 

Sand 

XiJU 

350' 

Shaft  liatter 

Sana 

nnnf 

400' 

J  to  1* 

Low-Ijf»vol  lliffhwAV  

Sand 

Hiirh-Ijpvpl  Hiffhwav 

Sand 

100' 

325' 

< 

HiRh-Ijevcl  Iliiihwav  

Sand 

l.W 

350' 

High- Level  Highway  

Sand 

200' 

375' 

S     Ml  1 

Hirii^lAvd  HiffhwAv. 

Sand 

2S0' 

400' 

Low-Level  D.  T.  R.  R. .  . 

Sand 

100' 

350' 

Nickol -Steel 

Ixnv-Iiovel  D,  T.  R.  R  

Sand 

150' 

385' 

Low-Level  D.  T.  R.  R  

Sand 

200' 

!2r,' 

Sujicr- 

Low-Level  D.  T.  R.  R  

Sand 

250' 

470' 

Stnicture 

Low-Level  D.  T.  R.  R  

Sand 

100' 

290' 

Low-Level  D.  T.  R.  R  

Sand 

ISO' 

330' 

Low-Market 

I/)w-I>evel  D.  T.  R.  R  

Sand 

200' 

876' 

Unii-FrioM 

Sand 

250' 

125' 

Low-I^vcl  D.  T.  H.  R  

Sand 

1(K)' 

27  .V 

Low-Level  D.  T.  R.  R  

Sand 

150' 

32.V 

Hiph-Market 

Sand 

200' 

375' 

Unit-Prices 

Low-Level  D.  T.  R.  R  

Sand 

250' 

426' 

These  results  are  recorded  graphically  in  Fig.  ISA. 
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From  a  study  of  tbe  preoeding  table  there  can  be  drawn  the  foOowing 
deduotaona: 

A.  For  aU  ^1)88  of  bridges  the  eooiioimcsiMiiJeiigthm 
depth  of  foundation,  though  not  neeeesarity  in  the  same  proportion. 


5pan  in  Fe«rt 

no.  I80.  Coats  per  lineal  Foot  of  Stroeture  for  Low-Level,  Combined  BridiBi  on 

Sand  Foundationa  IfiO  Feet  Deep. 

B.  Tho  liKlitor  the  siiixMst luctun*  and  the  live  load  it  carrios,  the 
proater  ^rncrally  is  the  oconoinio  span-UMi^th,  and  the  greater  the  variation 
uf  tiie  latter  with  tlie  deptli  uf  foundation. 
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C.  For  sand  foundations  there  is  not  much  difTerence  in  the  *>ftm»m*p*^ 
gpan-lengths  for  low-level  and  high-level  bridges  of  the  same  tjrpe. 

D.  Structures  with  pien  founded  on  bed  roekgieneral^ 


Span  tn  Feeh 

Fxo.  1^.   Costti  per  Lincul  Foot  of  Structure  for  Low-Level,  Combined  Bridges  on 

Sand  Foundations  200  Fwt  Deep. 


8pBn4ength8  somewhat  greater  than  thoRe  of  the  ooirespooding  atnietana 
founded  upon  sand  at  the  same  depth. 

E.  Single-track  railroad-bridges  have  economie  apan-lengtha  a  little 
leas  than  thoee  of  the  corresponding  double-track  structures. 


Digitized  by  Google 


acoKOiac  span-lengths  fob  simple-truss  bbidoes  163 

F.  Pile  piers  for  higfa-Ievel  bridges  involve,  for  economic  oonsidenir 
tioiUi  lather  ahort  quuis;  and  for  low40vel  stonictuves  tli^  usually  neoea- 


Fko.  IBg.  Coiti  per  IidmI  Foot  of  Struetun  for  Loir-LmI,  GonibmBd  Bridtgai  on 

Sand  Foundatioiis  260  Feet  Deep. 

State  such  short  ones  as  to  require  the  ack^on'of  ptate^sixder  soper- 
structuies. 

Q.  In  highway  bridges  having  very  deep  foundations  on  sand,  uiCEea»> 
ing  the  batter  of  the  shaft  augments  the  economic  span-length. 


Digitized  by  Google 


164 


£CU2«OMlC&  OF  BRIDUEWORK 


Chapter  XVIU 


II.  I'sing  nickel  steel  instead  of  eiirhon  steel  in  the  superstructure 
increases  materially  the  economic  sj)an-l»'n^th. 

I.  The  assumed  variations  in  unit  prices  with  changing  market  condi- 
tions make  very  little  difference  in  tlie  economic  span-lenfitlis.  Hhto 
would  have  been  no  difTerence  at  all  had  the  prices  of  all  the  materials  used 
been  assumed  to  vary  in  the  saiBe  proportion;  but  the  superstructure  steel. 


40      €0       BO       100       r20      140      m      100      ZOO      m  2401 


l>epfh  e//mAfwf  A^Ar  low  Wafer  Lew/  in  Feef 

FiiJ.  18/i.    Economic  f>{)an-Length.s  fur  Siiuplc-Trusu  Bridges  on  Various  Tyix»  of 

Foundation. 

erectod,  ordinarily  changes  in  value  somewhat  more  rapidly  than  does  the 
substructure  of  the  bridge. 

J.  There  are  not  many  irregularities  to  be  found  in  comparing  the 
diagrams  or  the  tabulated  results  of  the  calculations;  and  what  few  exist 
are  small.  They  are  generally  due  to  the  adoption  of  a  minimum  weight 
limit  for  sinking  to  great  depths  instead  of  figuring  upon  employing  tem- 
porary loading. 

Certain  of  the  cost  curves  in  the  diagrams,  in  combination  with  other 
diagrams  giving  wa^ts  of  steel  distributed  between  trusses,  laterals,  and 
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floor  BywkBBOBf  will  provido  a  check  on  tho  oorreotom  of  the  old  method  of 
detenniiiiiig  eoonoinio  span-lengthB*  Let  us  teke  the  case  of  a  kiw-level, 
douUe-track-nilway  bridge  founded  on  rock,  find  the  cost  per  lineal  foot 
of  the  tnunes  and  laterals  in  the  span  of  economic  length,  and  check  it 
against  the  cost  per  lineal  foot  for  the  substructure  thereof.  For  a  504bot 
depth  of  bed  rock  the  economic  8pan4ength  is  275  feet;  and  for  that  span 
(sec  "Bi-iclgc  Engineering/'  pages  1239  and  1240)  the  weight  of  metal  per 
hneal  foot  for  trusses  and  laterals  with  Class  00  Ywv  load  4,600  pounds, 
A\  h  at  six  cents  per  pound  would  be  worth  $276,  while  the  cost  p(  r  foot 
for  the  substructure  given  by  the  diagram  is  1270.   This  is  not  a  had  check. 

For  a  depth  of  100  feet,  the  economic  span-lonpth  is  325  feet,  for  which 
the  weight  of  trusses  and  latiMuls  is  5,800  pounds,  which  at  six  cents  per 
pound  would  be  worth  $352.  The  diagram  makes  the  cost  per  foot  for  the 
substructure  $420 — quito  :\  discropanrv. 

¥or  low-level,  single-truc-k-iailroad  bridges  with  a  foundation  depth  of 
50  feet,  the  pconomic  span-length  given  by  diagram  is  250  feet,  for  which 
the  weight  of  trusses  and  laterals  is  2,480  pounds,  which  at  six  cents  per 
pound  would  ho  worth  $149,  while  the  said  diagram  gives  the  cost  per  foot 
for  sul)structure  at  $17o — not  a  c\osc  check. 

For  a  depth  of  100  feet,  the  eeononiie  span-leiifrth  is  300  feet,  for  which 
the  weight  of  trusses  and  laterals  is  3,050  ))()inids,  which  at  six  cents  per 
pound  wonhl  l)e  worth  S183.  The  diagnuu  makes  the  cost  per  foot  for 
Bubstrueture  $275 — anf)tlier  large  variation. 

It  is  evident  from  tlie  preceding  eonij^nrisons  of  cost  that  the  former 
rule  for  (ictermiriini:  tlie  economic  span-length  is  not  reliable,  especially 
for  foundations  at  i^rcat  depths;  hence  its  us<'  should  be  discontinued. 

There  is  a  little  economic,  or  more  strictly  sj)eaking  uneconomic,  investi- 
gation concerning  simple-tniss  si)ans  the  results  of  whicli  are  wortli  know- 
ing and  may  sometimes  prove  valuai)le,  especially  in  answering  (piestions 
propounded  by  laymen,  viz.,  ''what  are  tlie  relative  weights  of  metal  in 
e<jual-tru88,  three-span  bridges  and  structures  of  the  sanie  kind,  same 
total  length,  and  same  loading,  but  having  the  central  span  lengthened  an<l 
tile  other  two  ecpially  shortened?"  The  answer  to  this  (piestion  is  that  the 
weight-ratios  for  the  une(|ual-span  layouts,  as  comi)ai('(l  with  those  for 
e(jual  spans,  are  greater  for  long  structures  than  for  short  ones,  and  increase 
with  the  ratio  of  middle-span  length  to  average-span  length.  The  values 
of  such  ratios  for  tliree-span  structures.  var\  in<i  in  average  span-length  by 
one  hundred  feet  from  200  feet  to  5(MJ  feet,  are  given  in  Fig.  \Hi. 

The  curves  for  cost  ratios  are  almost  coincident  with  those  for  weight- 
ratios,  because  the  pound  prices  erected  for  the  metal  in  the  various  lay- 
outs are  nearly  alike.  On  the  one  hand,  those  for  the  (x^ual-span  layouts 
should  be  less  because  of  a  saving  in  cost  of  making  working  drawings  and 
templets;  but,  on  the  other  hand,  the  erection  costs  per  pound  are  a  trifle 
less  for  the  layouts  of  unequal-span  length  because  of  their  greater  total 
wei^ts  of  metal.   C.  W.  Biyan,  Esq.,  Chief  Engineer  of  the  American 
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Bridge  CJompany,  has  very  kindly  investigated  this  question  for  the  author; 
and  in  a  letter  dated  January  29th,  1920,  he  reports  as  follows  concerning  a 
double-track,  steam-railway  bridge,  1,200  feet  long,  for  which  the  metal 
erected  is  assumed  to  cost  7.0i  per  lb.: 

After  careful  study  I  feel  that  the  three  equal  flpaos  and  the  two  spaoa  <rf  360  feet 
with  one  of  500  feet  should  take  the  same  pound  price.  For  the  two  spuB  of  900  faefc 

^    tr    n    B    u    B    t£    n    IB    i9  »^ 


J3      14  15 

FtG.  18».    Diagram  of  Weight-Ratios  showing  Effect  of  Lengthening  the  Central  Span 
of  any  Simple-TTusB,  Three^pan  Layout,  Keeping  the  Total  Length  Unchanged. 

and  one  of  600  feet  I  would  reduce  the  price  $1.00  per  ton  or  to  6.95|!  per  pound;  aud 
for  the  two  2IMMbot  qmiis  and  one  700-fbot  span,  I  would  reduce  the  price  12.00  per 
ton,  or  to  6.90e.  per  pound. 

As  the  cxtri'iuc  vuriat ion  iii  pound  price  is  only  one-and-a-half  p<'r  rent, 
evidently,  us  before  stated,  it  is  not  worth  while  to  make  a  special  diagram 
reeording  total  cost-ratios  for  uneconomic,  three-span,  simple-truss  lay- 
outs ;  because  those  for  the  weight-ratios  thereof  will  suffice. 
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In  the  old  days  of  cut-8t()n('-masonr>'  piers,  the  method  of  proportion- 
ing the  shafts  was  to  make  ihvm  as  small  as  possible  on  top,  keeping  the 
pedestals  of  the  spans  just  within  the  periphery  limits  of  the  first  sub-coping 
course,  putting  on  a  batter  of  half  an  inch  to  the  f(jot,  and  carrying  this 
down  as  low  as  th<'  fioverning  conditions  would  pcrniit,  thus  ignoring 
entirely  the  effect  of  thrust  from  trains  or  wind.  For  the  small  structures 
of  those  times,  with  their  short  sj^ans,  this  arrangement  generally  answered 
the  pur}K)se  well  enough,  because  the  maximum  theoretical  thrusts  assumed 
in  mrxlern  l)ridge  practice  seldom,  if  <'vcr,  came  upon  the  structures;  but 
o<'cusionally  tiiere  would  arist^  a  case  for  \s  hich  this  rule-of-thumb  method 
of  pier-shaft  proportioning  would  not  sufhcc. 

The  author  recalls  an  exjxTience  of  tlie  late  eighties  when  at  Albuquer- 
que, New  Mexico,  he  was  making  the  preliminar>'  calculations  for  the  Red 
Rock  cantilever  bridge  over  the  Colorado  Hiv(M\  The  Chief  Engineer  of 
the  railroad  company  luul  undertaken  the  designing  of  tlie  piers,  and  after 
learning  the  area  required  for  the  main  jx'dcstals,  he  proportioned  the 
coping,  then  laid  out  the  rest  of  the  shaft  with  a  batter  of  one-half  inch  to 
the  foot,  and  submitted  the  design  to  the  author  for  comment.  A  glance 
brought  the  instant  conclusion  that  something  wtus  wrong,  and  upon  this 
b<>ing  stated  the  job  of  pier-<lesigning  wius  turned  over  to  him,  whereupon 
he  proceeded  to  figure  the  overturning  effect  on  the  pier  by  combined  trac- 
tion and  wind  loads,  with  the  result  that  a  batter  of  one  and  a  quarter 
inches  to  th(^  foot  w;is  found  necessary;  and  this  batter  gave  the  layout  a 
dwidedly-plciisiufz;  apjM'atance. 

The  day  of  cut -stone-masonry  piers  is  past— or,  at  any  rate,  ought  t-obe; 
for  compared  with  concrete  piers  they  are  always  uneconomical.  Some- 
times, iis  a  defence  against  the  grinding  effect  of  ice,  or  the  disinU'grating 
effects  of  sea-water  Ix^twcen  high-water  and  low-water  levels,  it  is  necessary 
to  protect  the  concrete  thus  exp)Osed  with  a  facing  of  granite  or  other  hard 
rock;  and  occasionally  someone  desires  to  adhere  to  cut-stone  work  for 
the  sake  of  retaining  the  old-fashioned  appearance  which  it  gives  to  struc- 
tures; but  no  engineer  who  is  a  student  of  true  economy  in  design  and  con- 
stfuetlon  wiB  oontmue  to  use  coursed  masonry  in  his  bridge  piers. 
^  There  is  aa  ecsonomie  problem  in  concrete-pier  designing  which  comes  up 
otwaHioniiny — whether  it  is  better  to  reinforce  for  bending  due  to  traction 
and  wind  loads  or  to  omit  the  rods  and  use  more  concrete.   There  is  no 
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means  of  settling  this  except  to  design  the  abaft  in  both  ways  and  com- 
pute the  costs.  Even  then  it  may  not  be  economics  but  aeBthetics  which 
will  govern  the  decision,  because  the  reinforced-concrete  piers  are  liable  to 
lack  the  massive  app(»Hrance  which  is  necessarv'  for  a  pleasing  eflFect.  Un- 
less there  be  stjine  reully-nuiterial  advantage  in  reinforcing  the  sh^ts,  it  is 
generally  better  to  build  them  of  plain  concrete. 

There  is  an  economic  exjx'dient  in  f)ier  designing  that  is  very  often 
perfectly  legitimate,  especially  in  small  structures  and  occasionally  in  very 
large  ones,  viz.,  the  use  of  the  "(hiinl)-beH "  cross-section,  or,  in  other  words, 
adopting  two  y)edestnls  witli  a  diaphragm  wall  Ix'tween.  This  wall  may 
either  rest  on  a  contiiiuoiis  base  or  may  be  entirely  unsupported  l)et\\een  the 
pedestal  bases,  thus  acting  as  both  a  strut  and  a  beam.  The  ai)j)earance  of 
a  structure  having  pieis  of  this  type  is  not  unpleasing,  and  the  effect  of 
massivene.ss  is  obtained  by  the  expenditure  of  very  little  extra  material. 
In  a  wide,  two-truss  bridge,  solitary  pedestals  without  a  connecting  wall 
may  be  emf)loy(Ml.  reliance  being  placed  upon  tli(>  end  Hoor-lxMuns  of  the 
.spans  to  ilivide  the  win<l  load  al)out  equally  hetween  the  two  supports. 
In  case  that  the  deck  is  fairly  close  to  the  water,  the  great  width  will  par- 
tially hide  the  substructure,  an<l  the  lack  of  the  coruiecting  wall  will  not  be 
noticed;  but  in  a  high-level  bridge,  espt'cialiy  wiien  carrying  railroad  trains, 
pedestal  .shafts  not  only  pnMluce  a  Hinisy  aj)pearane(»  hut  also  fail  to  resi.st 
properly  the  rack  from  the  live  load.  I  hr  Missouri  Hiver  hridge  at  (ihis- 
gow  was  originally  l)uilt  in  that  manner;  and  the  exjx'rience  with  its  piers 
was  so  unsatisfactory  that  the  twin  pedestals  had  to  be  removed  and 
replaced  by  a  solid  shaft. 

In  some  ca.ses  it  is  essential  that  the  load  on  the  foundations  be  reduced 
to  an  absolute  mininunn,  .ind  to  this  v\u\  hollow  shafts,  or  pedestals  con- 
nected by  tv, o  thin  walls,  may  l)e  employe;!:  and  the  excavating  shafts  in 
the  bases  need  not  be  filled,  excepting  only  sufficiently  at  the  bottom  to 
transfer  properly  the  upwartl  thrust  of  the  foundation  into  the  sohd  por- 
tions of  the  base. 

Tall  steel  cylinders  filleti  with  concrete  and  well  braced  between  make  an 
economical  substructure  for  light  highway  bridges;  and  this  type  of  con- 
struction is  proper,  provided  that  the  cylinders  be  earned  far  enough  down 
into  fairly^mrd  material  to  hold  firmly  the  lower  ends,  so  as  to  enable  the 
cylinders  to  act  as  beams  with  fixed  ends  for  resisting  the  bending  effects 
of  wind  loads  and  traction  loads.  Generally  in  such  cases  it  will  be  found 
necessary  to  build  a  substantial  mattress  around  each  pier,  so  as  to  prevent 
the  scouring  out  of  the  nuiterial  upon  which  reliance  is  being  placed  for 
fixing  the  ends. 

Temporary  piers  of  timber,  such  as  those  built  by  the  author  in  the 
middle  nineties  for  the  Missouri  River  bridge  between  Council  Bluffs, 
.  Iowa,  and  East  Omaha,  Nebraska,  are  a  legitimate  economic  expedient, 
provided  that  due  arrangement  be  made  for  replacing  them  later  by  per- 
manent piers  without  involving  any  unnecessary  expense  or  interrupting 
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traffic.  In  building  a  new  railroad  through  timber  country  it  is  in  the  line 
of  true  economy  to  put  steel  spans  temporarily  on  pile  piers  in  order  to 
avoid  the  excessive  cost  of  hauling  in  substructure  matciials  before  the 
track  reaches  the  site.  In  such  rasos  the  temporary  piers  should  l)e  located 
far  enough  from  the  p>ositions  of  the  pennanent  piers  to  allow  the  latter 
to  be  constructed  without  interfering  with  traffic. 

The  employment  of  the  cocked  hat  in  pier  shaft^s  is  generally  an  archi- 
tectural extravagance  that  should  be  avoided  whenever  its  use  is  not 
demandwl  by  the  necessity  for  spmidiug  the  bjisc  over  a  wide  pile  founda- 
tion. It  certiiinly  relievi's  the  iiionofony  of  api^earance  in  a  tall  shaft, 
but  the  prinrif)If's  of  economy  gonorally  l)ar  it  out.  Only  once  in  the 
author's  career  ha.s  he  ever  l)een  guilty  of  adojiting  the  cocked  iiat,  viz..  in 
the  late  eighties  when  he  ina<l(*  the  design  for  what  was  then  termed  the 
Whinner  Bridge  over  the  ^lis.'^ouri  Hivor  at  Kansfus  City,  the  spans  of  which 
were  proportioned  to  curry  between  the  trusses  a  single-track  railway  with 
a  narrow  foot-walk  on  each  side  an<l  a  single-track  roadway  outsitle  of  each 
truss,  thus  making  the  ]X'rpendicular  distance  between  central  planes  of 
trusses  twenty-five  (25)  feet.  It  proved  to  l)e  a  fortunate  thing  that  the 
cocked  hat  was  cmploy(Ml.  for  the  sui)erst  rueture  of  the  Winner  Bridge  was 
never  erected,  bccaus<i  of  lack  of  funds;  and  when  the  double-<leck,  double- 
track,  Fratt  Bridge  was  built  on  the  old  piers,  after  cutting  down  the 
shafts  to  an  elevation  of  ivn  feet  above  high-water  mark,  the  extra  length  of 
pier  afforded  by  the  said  cocked  hat  provided  just  the  necessjir\'  extra  size 
for  permitting  the  superstructure  to  be  widened  sufficiently  to  carry  the 
double  track. 

Ice  breakers  are  sometimes  used  where  there  is  no  real  need  for  them, 
becau.se  it  takes  an  enormous  amount  of  thick  ice  to  damage  any  well- 
founded  pier  having  a  .shaft  with  roimded  ends;  nor,  as  a  rule,  does  a  con- 
crete pier  require  special  protection  against  the  griiuhng  of  ice.  If  real 
granitoid  of  one-two-three  comiX)sition  with  ten  per  cent  of  hvdrate<l  lime 
added  to  the  cement  were  sul)stituted  for  the  ordinary'  concrete  between 
high-water  and  low-water  marks  and  extentling  into  the  nia.ss  about 
twelve  inches,  the  protection  thus  affordeti  would  almost  always  be  ample 
and  would  involve  very  Uttle  additional  expense.  Moreover,  the  repaii  ing 
of  an  abraded  pier-surface  by  means  of  granitoid  is  not  a  difficult  matter. 
Unless  a  pier  rest  on  beil  rock,  the  placing  of  an  unbalanced  ice-break  upon 
it  is  going  to  upset  the  equality  of  load  distribution  over  the  foundations 
and  thus,  possibly,  cause  trouble.  In  case  of  a  pier  on  piles,  it  would  be 
better  to  put  another  ice-break  on  the  down-streun  end  of  the  pier  for  the 
sake  of  8ymmetr>',  although  it  would  serve  no  useful  purpose  as  an  ke- 
braak  per  se.  All  violations  of  the  precept  of  symmetry  are  to  be  avoided 
whenever  this  is  practicable;  for,  by  so  doing,  trouble  also  is  often  avoided. 

The  economic  question  of  reinforoed-concrete  versus  timber  for  cribs  and 
eaisscms  is  beguming  to  loom  up.  At  the  same  total  first  cost,  timber  is 
preferoble,  owing  to  the  ease  and  rapidity  with  which  it  may  be  put  in  place ; 
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but  its  growing  scaraaty  wOl  oertainly  make  the  rainforced-concrete  aheUs 
of  such  oonatnictionB  more  and  more  popular  among  bridge  builders  as 
the  years  go  by.  In  using  it,  the  time  required  to  let  the  oonerete  set  and 
harden  is  liable  to  cause  delay  in  the  sinking;  and  the  removal  of  the  fomui 

is  often  troublesome. 

This  last  statement  leads  to  the  thought  that  there  is  qoming  up  soon 
the  eoooomic  question  of  steel  versus  timljer  for  concrete  forms.  At  present 
the  former  material  is  not  much  employed  for  this  purpose,  but  its  adoption 
therefor  is  on  the  increase,  especially  when  the  forms  have  to  bo  used  a 
number  of  times.  After  timber  has  lieen  utilized  for  this  purpose  three  or 
four  times  it  becomes  badly  broken  up  and  unfit  for  further  service,  while 
the  steel  forms  with  care  can  Ix*  used  an  indefinitely  preat  numlx>r  of  times. 
A  combination  of  the  two  materials  nii^iht  Ik:  cniployod  to  advantage,  the 
steel  l>eing  intor]X)sed  iM'twccn  the  conrrote  and  the  timljer  prdei"s,  thus 
avoiding  injuiy  to  the  latter  and  peimitting  them  to  be  used  over  and  over 
again. 

In  respect  to  the  depth  l)elow  extreme  low  water  to  which  it  is  economic 
to  carry  the  shaft  of  a  pier,  there  is  p:reat  difTerence  oi  ()f)inion  amonfj^t 
engineers.  The  autiior  pi'iicrally  locates  the  phuw  of  division  V)etw(H?n 
shaft  and  base  at  an  elevation  of  two  feet  Im'Iow  the  lowest-recorded  wat<T- 
level,  thus  providing  aj2;ainst  expostire  to  the  air  of  water-soaked  timber, 
even  in  seasons  of  abnonnal  drought.  Such  treatment  for  a  short  time 
would  probably  do  no  hami,  but  the  ex|x)sure  of  the  crib  to  vision  is  not 
pleasing.  Those  who  claim  economy  for  locating  this  division  plane  far 
below  the  water's  surface  do  so  on  tlie  plea  that  it  rc^quires  less  material. 
This  is  true  enough,  but  the  unit  price  of  the  portion  of  the  shaft  Ix'low  low- 
water  is  far  hijB;her  than  that  above  the  same,  and  generally  somewliat 
greati'r  than  that  of  the  top  of  the  crib  itself.  For  this  there  are  several 
reasons,  viz.: 

First.  In  order  to  build  it,  a  fairly-walt  i -tight,  removable  cofferdam 
has  to  be  constructed,  which  is  certainly  more  exjjcnsive  than  the  simple 
crib- top. 

Second.  This  cofferdam  has  to  be  kept  pumped  clear  of  water  until 
after  the  shaft  is  built. 

Third.  The  fonn-mik  below  low-water  is  expensive  and  adds  mate- 
rially to  the  unit  east  of  the  ahaf  t-oonetete. 

FowiK  Where  the  shafts  9IQ  carried  down  deep,  mcne  allowance  has 
to  be  made  for  possible  error  of  position;  and  to  do  this  would  inyolve  the 
enlaiging  of  the  area  of  the  base,  thus  increasiiig  the  total  cost. 

The  condition  sometimes  exists  which  calls  for  the  least  possible 
obstruction  of  the  waterway,  and  then  it  often  becomes  necessaiy  to 
cany  the  shaft  down  to  the  bottom  of  the  channel,  irrespective  of  the 
extra  cost  of  the  piers.  In  such  cases  it  wiU  be  found  that  the  unit  value 
of  theshaflHX>ncretewillbehigh,andthat,  asfarasmerecostisoonomied, 
it  would  have  been  better  to  cany  the  cribs  up  to  near  low-water  maik. 


Digitized  by  Google  , 


BooNoiacs  OF  eoBtmBLVCfmm 


171 


The  detennination  of  (he  proper  olearanoe  to  alkm  between  the  bottom 
of  the  abaft  and  the  inaide  of  the  timber  or  remfotoed-eoncrete  ahell  ia  an 
eeoDomic  pioblem  of  importanoe.  If  it  be  made  mmeoooBorily  large,  the 
vohime  of  the  base  will  be  too  great  and  the  oonstruotion  too  costly.  On 
the  other  hand,  if  it  be  made  too  amaU  and  an  error  in  location  ahould 
occur  becauae  of  unanticipated  trouble  in  ainking,  it  would  be  difficult  to 
ahift  the  ahaft  the  right  amount  on  top  of  the  crib  in  order  to  get  it  into 
oorreotpoaition;  and  thia  would  inTohre  dday,  than  which  there  ia  nothing 
more  expenaive  in  aubatruoture  conatruction.  It  ia  evident  that  one  muat 
endeavor  to  strike  a  happy  mean  in  deajgning  hia  criba  and  caissonv— but 
what  ia  that  mean?  The  author'a  practice  is  to  allow  aa  a  minimum  a  foot 
clear  aU  around  the  ba.se  of  the  shaft  for  easy  conditionB  of  ainldng,  and  to 
increaae  thia  gradually  as  the  said  conditiooa  become  more  and  more 
unfavomble,  up  to  a  limit  of  about  twice  that  amount.  It  would  certainly 
be  a  caae  of  either  groas  carelessnef^  or  extremely  hard  luck  which  would 
prevent  the  cmect  location  of  a  pier-ahaft  when  the  larger  allowance-limit 
for  shifting  was  provided.  With  duv  rare  in  sinking,  the  error  of  position 
of  a  crib-top  should  seldom  oxoood  a  few  inches;  consequently,  when  a 
bridge  engineer,  in  order  to  be  surely  on  the  safo  side,  makes  an  abnormally- 
great  allowance  for  eiTor  of  crib  position,  he  does  bo  at  the  expense  of  the 
work,  and  therefore  imperils  his  Reputation  as  a  true  economist. 

Whether  to  use  the  pneumatic  process  instead  oi  either  open-dredging 
or  cofferdam  excavation  is  fundamentally  an  economic  problem  based 
upon  the  theory  of  probabiHties.  Comparing  the  open-dredging  and  the 
pneumatic  methods  of  sinking,  while  the  former  generally  figures  out  to  he 
the  cheaper,  its  cost  is  rather  uncertain,  because  of  the  possibility  of  encoun- 
tering larfic  ]()\rf^  or  Iwuldcrs;  uiid,  while  the  cost  of  installation  of  a  pneu- 
matic j)hiiit  adds  some  two  or  throe  doUai-s  to  the  cost  per  cubic  yard  of  the 
bases,  one  can  coniif  almost  with  certainty  upon  the  total  expense  involved 
in  the  sinking.  If  \hh\  rock  l)c  within  reach  hy  the  pneumatic  process,  that 
method  of  sinking;  should  always  be  adopted,  imlcss  it  be  decided  not  to  go 
that  far  down  for  a  foundation,  in  which  case  the  open-dredging  process  is 
hkely  to  lie  the  more  economic.  One  shoidd  never  sink  a  <'aisson  to  bed 
rock  by  o|K'n-<lre(iging  for  fear  that  it  will  rest  on  one  edge  or  one  comer 
only  and  thus  provide*  an  unejjual  l)earing.  It  woidd  be  far  Ix'tter  to  stop 
short  of  it  a  small  distance  and  rest  on  sand,  gravel,  or  boulders  overlying 
the  rock. 

Comparing  the  cofTerdam  method  with  that  of  open-dredging  into  a 
clay  or  otlier  fairly-liard  foundation-material,  unless  the  depth  lx»low  the 
working  stiige  of  water  be  less  than  eighteen  (18)  or  twenty  (20)  feet,  the 
latter  usually  is  preferable,  because  the  fonner  is  likely  to  give  trouble  and 
nearly  always  involves  a  greater  expenditure  of  money  than  that  allowed  in 
the  prehminarv  estimate. 

The  economics  of  steel  sheet  piling  for  cofTerdams  is  still  an  unsettled 
question  among  bridge  engineers.    Some  of  the  old-time  substructure  con- 
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tfacton  contend  that  coffeniam  pieni  sunk  by  their  use  arc  more  expensive 
than  those  placed  by  the  pneumatic  process;  whilst  other  contractors, 
equally  experienccni,  declare  the  contrary,  all  liowever  agreeing  that  the 
difference  in  cost  by  the  two  methods  is  small.  The  author  is  inclined  to 
believe  that,  if  a  thorough  set  of  Ixuings  has  failed  to  indicate  any  sunken 
logs,  beds  of  large  lx)ulders,  quicksand,  or  other  serious  impediment  to 
driving  or  excavating,  th(^  steel  shcct-iiiling  will  involve  a  moderate  saving 
in  first  cost  for  depths  of  foundation  below  ordinary  low  Water  as  great  as 
forty  feet.  To  effect  such  a  saving,  however,  requires  an  experienced  and 
energetic  contractor  or  sujx'rintendent;  piling  of  ample  size,  thickness,  and 
length;  sufficient  of  it  for  throe,  four,  or  even  five  piers  (according  to  the 
size  of  the  jol)),  with  extra  jjieees  to  provide  for  daniiige  in  driving;  heavy 
pile-driving  hammers;  ample  pum])ing  capacity;  and  a  full  supply  of 
derricks,  engines,  and  other  outfit.  ( Jenerally,  it  is  the  small-fry  contractor 
who  prefers  the  cofferdam  method  to  the  |)neumatic;  and  he  is  the  one  who 
is  most  likely  to  get  into  trouljle  from  failure  to  anticipate  and  provide 
against  diffieulties  in  diiviiig  and  excavating.  His  pseutlo-economic  dis- 
position leads  hi  n  into  i)urciiasing  small,  thin,  and  short  piles;  for  \w  docs 
not  recognize  that  large  ones  will  witlistand  batti-ring  a1  both  tnj)  and  bot- 
tom much  bett(M'  tlian  small  oik  s,  tliat  thin  webs  are  liable  to  be  split  and 
bent  by  striking  large,  hard  boulders,  and  that  short  lengths  are  almost 
sure  to  involve  not  only  fioodinu;  tlie  dams  but  also  filling  them  with  sand 
or  silt —possibly  several  times  dunng  the  progress  of  the  work. 

Steel-pile  cofferdams  have  been  successfully  use<l  for  dej)ths  as  great  as 
fiftv  feet  below  ordinarv-low-water  elevation ;  but  the  conditions  were  unu- 
sually favorable,  tlie  niaterial  penetrated  being  mostly  soft  clay  that  shut 
out  the  water  almost  completely,  thus  enabling  bed  rock  to  be  reached  at 
moderate  expense. 

Large,  strong  sheet-piles,  in  addition  to  tiie  security  against  injur>^  in 
driving  whicli  they  provide,  effect  an  economy  by  p(  rniilting  the  waling 
frames  to  be  place(l  farther  apart,  thus  lessening  the  aniount  of  timber 
to  be  bought  and  the  expense  of  both  its  placenu-nt  an<l  its  removal ;  besides 
the  metal  often  has  more  than  merely  scrap  value  at  the  end  of  the  job, 
which  is  seldo.n  the  case  when  small,  light  sections  are  employecl. 

Sunken  logs  or  wrecks  give  endless  troul)le  when  encounti  red  in  coffer- 
dam work,  as  usually  they  have  to  be  shattered  \o  splinters  by  dynamite 
before  the  piling  can  jjenetratc  them;  and  under  such  conditions  the  stiMi'l 
sheet-piUng  is  decidedly  superior  to  the  woixlen  Wakefield-piling.  The 
latter  Is  advantageous  for  shallow  excavations  and  for  cases  where  the  bed 
rock  is  too  hard  to  penetrate;  because  the  ends  of  the  piles  brof)m,  and  the 
battered  wood,  by  absorbing  water,  expands  and  seals  the  bottom  of 
the  pit. 

The  oc^erdam  method  is  specially  applicable  where  clay  overlies  the 
bed  rock;  for  it  will  seal  the  bottom  of  the  box.  Wliere  there  Ls  no  such 
sealing  layer,  it  is  often  necessary  to  place  clay,  manure,  or  some  other 
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material  on  the  outside,  or  else  to  employ  a  double^wall  cofferdam  filled  with 
day. 

In  relation  to  the  comparative  economics  of  a  caiastm,  put  down  by 
open-dredging  to  a  depth  that  is  absdutely  great  enough  to  insure  against 
disaster  from  scour,  and  a  crib  sunk  to  a  reasonable  depth  and  filled  with 
long  piles,  the  latter  generally  will  be  found  to  be  much  lees  ezpoisxye;  but 
caoen  will  occasionally  occur  when  the  reverse  is  true,  hence  it  ia  well  alwaya 
to  make  complete  ccmiparattve  estimates  of  cost.  These  require  only  a 
few  mhmtes'  work  for  an  experienced  bridge  computer. 

Once  in  a  while  it  occurs  that  the  pneumatic  process  has  to  be  ampkqred 
for  one  or  more  piers  of  a  long  bridge,  the  others  being  sunk  by  open- 
dredging.  Tlio  question  then  arises  as  to  how  many  to  put  down  by  the 
more  expensive  process;  and  it  should  be  solved  more  with  reference.to  the 
expediting  of  tlic  construction  than  to  using  pneumatics  only  where  actu- 
al^ required.  For  instance,  if  all  the  piers  but  one  could  1^  handled  by 
Open-dredging,  it  would  be  foiuul  that  the  unit  price  for  the  base  of  that  one 
would  run  extravagantly  high,  because  it  would  have  to  take  care  of  a 
laige  0Verhea<l  chaige  for  use  and  transportation  both  to  and  fro  of  the 
pneumatic  macluner>'  and  other  outfit .  In  that  case  one  should  figure  how 
much  it  would  actually  cost  to  put  down  another  pier  by  pneumatics 
when  everything  necessary  is  on  the  ground  and  ready  to  move  over  to 
the  site  of  the  next  pier,  then  compare  the  result  with  the  cost  of  that  pier 
sunk  by  open-<lredging.  Generally  but  httle  dilTerence  will  be  found, 
and,  therefore,  it  might  prove  truly  economic  to  keep  both  outfits  occupied. 

The  sooner  any  piece  of  bridge  construction  is  finished,  the  sooner  will 
the  erection  contractor  be  ready  to  undci  tnkc  another  contract — besides 
it  Ls  ofte-n  the  case  that  an  expeditious  handling  of  the  work  will  avoid  a 
rise  of  river  or  the  a<lvent  of  other  unfavorable  working  conditions.  It  is, 
therefore,  logical  to  conclude  as  a  general  proposition  that  the  harder  a 
contractor  drives  his  work  the  more  money  will  he  net  from  his  operations, 
even  if  it  apiK'ar  to  the  casual  (>l)ser\'er  that  he  is  spending  ca.sh  rather 
recklessly  for  the  piirj)ose  of  tinishing  the  work  <|uicklv.  Of  course,  if  the 
contraetor  is  al)sohitely  sure  tliat  he  will  have  no  work  at  all  to  keep  his 
force  occupied  after  a  certain  jol)  that  he  is  on  is  completed,  it  will  n(>t  pay 
him  to  spend  any  extra  money  to  rush  it ;  but,  on  the  other  hand,  there  is 
nothing  to  be  iz;ained  by  drairuini:  it  out  unnecessarily.  It  would  be  better 
to  finish  it  and  trust  to  luck  alH)ut  geltiM«i  another  contract. 

In  foundations  for  trestles  (here  sometimes  ari.^es  the  economic  question 
whether,  in  order  to  obtain  the  re(|uisite  bearing  area,  it  would  be  better 
to  use  plain  concrete  and  go  rather  de(^p  by  stej)ping  ofT  the  base  in  the  oltl- 
fashioned  way,  or  to  spread  out  quickly  by  adopting  reinforcen:ent.  The 
surest  way  to  settle  the  question  is  to  proportion  a  pedestal  or  two  by  each 
method  and  compare  results.  Tf  for  any  reason  the  cost  of  the  excavation 
should  run  high,  the  reinforcement  method  will  have  a  decided  advantage. 
Again,  as  the  volume  of  the  concrete  is  much  smaller  for  that  type  of  base 
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than  for  the  other,  the  total  load  on  the  foundatum  is  lem,  and,  eonae- 
quently,  the  area  ci  base  required  is  mailer.  Whether  the  excavation  ib 
ivetordiy  will  make  eoneiderablediiference,  the  former  condition  favoring 
reinforcing  and  the  latter  militating  for  plain  concrete.  Where  the  footing 
cannot  be  pumped  out,  it  ie  lar^  permiiwible  to  use  reinforcement. 

Sometimes  in  a  long  trestle  it  is  doubtful  whether  to  adopt  reinforced- 
conerete  piles  with  quite-shallow  bases  for  the  pedestals  or  to  employ  the 
cheaper  wooden  piles  and  sink  the  said  bases  to  extreme4ow-water  eleva- 
tion, in  order  to  ensure  that  the  wood  shall  always  be  saturated  and  never 
exposed  to  the  air.  In  such  a  case,  one  or  two  pedestals  should  be  designed 
by  each  method  and  their  costs  detetmined  for  comparison. 
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CHAPTER  XX 

ECONOMICS  OF  TBUSfiES  AND  GIRDEItS 

During  the  last  half  century  several  treatises  have  been  written  upon 
the  subject  of  economy  in  superstructure  design,  but  unfortunat^^ly  the 
result  is  simply  a  wast€  of  K(x>ci  mental  enerfjn^^;  for  tlie  writers  tnereof 
invariably  attack  the  problem  by  means  of  complicated  mathematical 
investigations,  not  recognizing  the  fact  that  the  questions  they  endeavor  to 
solve  are  altogether  Ux)  intricate  to  be  undertaken  l)v  mathematics.  The 
object  of  each  investigation  appears  to  have  lH'<'n  to  cstahlish  an  equation 
for  the  economic  depth  of  truss,  or  that  depth  wliieh  corresponds  to  the 
miriinuim  amount  of  metal  required  for  the  said  truss;  and,  to  start  the 
investigation,  it  seems  to  have  Ixjen  customary'  to  make  certain  assumptions 
which  are  not  even  approximately  correct.  For  instance,  the  principal 
assumption  of  several  treatises  in  French  and  P^nglish  is  that  the  sectional 
area  and  the  weight  of  each  member  of  a  truss  are  directly  proportional  to 
its  greatest  stress;  or,  in  other  words,  that  in  proportioning  all  members  of 
trusses  a  constant  intensity  of  working  stress  is  to  be  used,  while  in  reality 
for  modern  steel  bridges  the  intensities  often  vary  considerably  in  the  same 
specificatioQS.  Again,  no  distinction  is  made  between  tension  and  com- 
pression membm,  and  no  aeoount  is  taken  of  the  greatly  varying  amounts 
of  their  percentages  of  weights  of  details. 

There  is,  however,  one  mathematical  investigation  emiceming  economic 
truss  depths  which  is  approximately  correct,  and  which  is  based  on  assump- 
tions that  are  very  nearly  true;  but  it  holds  good  only  for  trusses  with  par- 
allel chords.   It  is  this: 

Let  A  =  we.'ght  of  the  chords, 
iJ  =  weight  of  the  web, 
r  =  weight  of  the  truss, 
and     I>= depth  of  the  truss. 

Then 

C«iH-B.  [Eq.  1) 

But  the  weight  of  the  chords  varies  iny&aseHy  as  the  depth,  or  ii 

and  the  weight  of  the  web  varies  directly  as  the  depth,  or  B=bD,  where  a 
and  b  are  constants;  and,  therefore,  C»^+6Z>. 

176 
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If  C  IB  to  be  made  a  numninim,  we  BfaaU  have,  by  differaotiatkni, 


[Eq.2| 


or 


-^+|-0,  or  il-B. 


As  the  Beoond  differential  Goeflficieiit,  after  aubstatutioii  acoording  to  the 
luual  method  of  maxima  and  minima,  oomes  out  positive,  the  result 
obtained  corresponds  to  a  minimimfi.  From  this  it  is  evident  that,  for 
trusses  with  paiallel  chords,  the  greatest  economy  of  material  wiU  prevail 
when  the  wcdght  of  the  chords  is  equal  to  the  weight  of  the  web.  The 
author  has  verified  this  conclusion  by  checking  the  weights  of  chords  and 
webs  in  a  number  of  finished  designs,  finding  it  to  be  ahsolut^  reliable. 
However,  it  is  not  of  much  practical  value,  because  the  economic  depths  of 
trusses  with  paiaOel  chords  are  pretty  well  known;  and,  again,  when  spans 
are  in  exoees  of  175  or  200  feet,  the  chords  of  through-bridges  are  setdonn 
made  paralld.  Moreover,  the  best  depth  to  use  is  not  often  the  one  wliieh 
gives  the  least  weight  of  metal  in  the  trusses. 

It  has  been  found  by  experience  that,  for  trusses  with  polygonal  ti^ 
chords,  the  economic  depths,  as  far  as  wdght  of  metal  is  ooncenied,  are 
generally  much  greater  than  certain  important  conditions  will  permit  to 
be  used.  For  instance,  especially  in  single-track,  pin-oonnected  bridges, 
after  a  certain  truss  depth  is  exoeedeil,  tlie  overturning  effect  of  the  wind- 
pressure  is  so  great  as  to  reduce  the  dead-load  tension  on  the  windward 
bottom  chord  to  such  an  extent  that  the  compression  from  the  wind  load 
carried  by  the  lower  lateral  system  causes  reversion  of  stress,  and  such 
reversion  ^ye-bars  are  not  adapted  to  withstand.  A  very  deep  truaa 
requires  an  expensive  travolor,  and  ({(HTcnsing  the  theoretically  economic 
depth  increases  the  weight  but  sliMjhtly;  hence  it  is  really  economical  to 
reduce  the  depth  of  both  truss  and  traveler.  Again,  the  total  cost  of  a 
structure  does  not  vary  directly  as  the  total  weight  of  metal,  for  the  reason 
that  an  increase  in  the  sectional  area  of  a  piece  adds  nothing  to  the  cost  of 
its  nianufactur'?,  and  Init  little  to  the  cost  of  erection;  conscciuently  it  is 
only  for  raw  material  and  freight  that  the  exptMise  is  really  augmented. 
Hence  it  is  iienerallv  Ix'st  to  use  trus^-  depths  considerably  less  than  those 
which  would  require  the  minimum  amount  of  metal.  For  parallel  chords, 
tlie  theoretically  economic  truss-nlepths  vary  from  one-fifth  of  the  span  for 
spans  of  100  feet  to  about  one-sixth  of  the  sjian  for  spans  of  200  feet;  but 
for  modern  single-track-railway  tliroimli-bridges  the  least  allowable  tniss- 
deptli  is  about  30  feet,  unless  suspended  fioor-beams  be  used,  a  detail  which 
ver>'  properly  has  gone  out  of  fashion. 

In  two  five-hundred-foot  spans  of  a  combined  railway  nnd  highway 
bridge  the  author  employed  a  truss  depth  of  seventy-two  feet;  but  this  was 
detennined  by  the  reveistvl  of  jitrcas  in  bottom  chords  throu^  wiQdr> 
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pressure.  A  greater  depth,  if  permissible,  would  have  caused  a  saving  in 
total  weight  of  metal.  In  another  of  his  designs  for  a  five-hundred-and 
sixty-f(K)t  gpaii  a  tntSB  depth  of  ninety  feet  was  adopted,  but  in  this  case  the 
live  load  was  very  great,  varying  from  ten  thousand  pounds  per  lineal  foot 
for  short  s])ans  to  eight  thousand  pounds  per  lineal  foot  for  long  ones; 
and  the  bridge  is  twenty  per  cent  wider  than  in  the  case  of  the  two  five- 
hundred-foot  spans  just  mentioned.  Th(^  inr  ater  the  live  load  and  the 
wider  the  bridge,  the  greater  generally  can  the  truss  depth  be  made  advan- 
tageously. 

The  little  mathematical  investigation  given  in  this  chapter  can  be 
applioil  with  fair  accunu-y  to  ])lat(»-gir(lcr  bridges  and  to  the  flooi  systems  of 
tniss-bridges.  If,  for  onlitmry  t'uscs,  in  designing  plate  girders,  one  will 
adopt  such  a  depth  ius  will  make  the  total  wei<i;lit  of  the  w<'b  witli  it,s  splice- 
plates  and  stitYening  angles  alM)iit  ecjual  to  the  weight  of  the  flanges,  he  will 
obtain  an  ecoriomieally  designed  girder,  and  a  deep  and  stiff  one.  For 
long  spans,  however,  this  arrangement  would  nuike  the  girder's  so  deep  an 
to  beeonie  clumsy  and  exjx'nsive  to  handle;  consecjuentiy,  when  a  span 
exceeds  about  forty  feet,  the  amount  of  metal  in  the  flanges  should  be  a 
little  greater  than  that  in  the  web;  and  the  more  the  span  exceeds  forty  feet 
the  greatrr  should  be  the  relative  amount  of  metal  in  tin'  flanges. 

The  true  econoinic  investigation  for  j)late-girders  is  as  fulluws,  when  the 
web  is  assumed  to  resist  its  share  r»f  the  In^nding  moment: 

Let  M  =  bending  moment  at  mid-span, 
h  =  depth  of  web, 
(   « thickness  of  web, 

S  » intensity  of  working  stress  for  tension, 

I   as  length  of  span, 
and      c  =  ratio  of  weight  of  details  of  web  (i.e.,  end  stifTeners,  inter- 
mediat<'  stifTeners.  s|)lice  plates,  and  fillers)  to  weight  of  the  web  plate  itself. 

The  sum  of  the  two  flange  areas  at  mid-span,  including  an  allowance  of 
fifteen  per  cent  for  rivet  holes,  will  lie  given  by  the  equation, 

F-1.16(^-^A/);  [Eq.41 

and  the  total  weight  of  metal  in  the  flanges,  taking  into  account  the  fact 
that  the  oover  plates  do  not  run  the  full  length  of  the  girder,  will  be  given 
approximately  by  the  equation, 

=3.4  z(i^^^-0.23  \Eq.  5] 

The  weight  of  the  web  and  its  details  will  he 

ir»«3.4Z(A<+<^.  '  [Eq.  6] 

Digitized  by  Google 


178  ECONOMICS  OF  BRIDGEWORK  ChaftBB  XX 

Therefore  the  total  weight  of  girder  will  be 

ir,-3.4  ht'\-ht+chtj 

-3.4  £(^^+0.77  hl+chty  (Eq.  71 

DifTcrcntiatinp;  with  respect  to  h  and  placing  the  differentiia  coefficient 
equal  to  zero  gives 

^^"  =  3.4  i(_l:^+0.77  i+ct^  =0.        •      [Eq.  8] 

Hence 

=077  ht+ehi;  [BSq.  0] 

from  which  we  find 

IMM 


hS 

and 


-0.23  Id  =  0.54  hl+<M,  .         [Eq.  10] 


ZA  l^i:^^-0.23  ht^  -3.4 1(0.64  W+cW). '  \      I^q.  UJ 
But  the  value  of  « is  generally  about  0.3.  Substituting  this 

3.4  i(-^5^-0.23  htj  «3.4  i(0.84  hi). 

But  the  first  member  of  this  equation  represents  the  wdght  of  the  flang^, 
for  the  most  economic  condition,  and  the  second  member  is  d^t^r-lour  | 
per  cent  of  the  total  weight  of  the  web  plate  without  its  details. 

Dividing  both  sides  of  the  last  equation  by  0.8  and  canceling  the  3.4 1 
gives  o  •  \ 

(?||^-0J»*lj-1.05A*,  [Eq.  13] 

or 

1.16^^-0.25  hij  =  1.05  hL  [Eq.  14J  | 

Evidently  the  first  member  of  this  equation  represents  the  gross  area  of  the 
flanges  and  tht^  second  member  differs  only  a  little  from  the  gross  area  of 
the  web  and  may  without  any  great  error  \yc  called  such.  Hence  it  may  be 
stated  that  the  theoretical  maximum  of  economy  exists  wlien  tlie  gross 
areas  of  flanges  and  of  wel)  at  mid-span  are  equal — a  condition  readily 
remem])cred.  If  the  depth  of  web  be  selej;ted  on  this  basis,  rather  than  by 
tlie  old  criterion  wliich  makes  the  total  weight  of  flanges  etjual  to  the  total 
\v(Mght  of  web  with  all  its  details,  it  will  be  found  to  give  a  ^;re:iter  web 
depth.  This  incr(\is('(l  depth  is  likely  to  augment  the  cost  from  one  or  more 
of  the  fol](l^^ing  practical  considerations  which  the  formula  cannot  take 
into  account: 
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A.  An  additional  splioe  or  two  in  the  web,  or  else  a  sligbtly  increased 
pound  price  for  the  large  plates. 

B.  Larger  outstanding  legs  foi  all  stiffening  angles. 

C.  lieduction  in  the  number  of  cover  plaiee. 

D.  Narrowing  of  flange  angles  and  necessitating  thereby  either  an 
additional  bracing  frame  or  an  increase  in  sectional  area  of  the  compression 
flange,  in  order  to  ix)mpeii8ate  for  the  greater  ratio  of  unsupported  le 
width. 

E.  Pos8ible  thickening  of  web  because  of  its  greater  depth. 

F.  Possible  encroaehment  on  undeiMdearanoe  in  deck  spans^  or  raising 

of  grade  to  avoid  tlie  same. 

G.  Possible  difficulty  in  fabrication  or  shipment  in  case  of  long  or 
heavy  girders  because  of  excesovo  depth. 

Any  one  of  these  changes  would  be  likely  so  to  upset  the  economics  of 
the  case  as  to  cause  mat-erial  decrease  in  the  theoretical  depth  found  by  the 
preceding  investigation.  One  will  not  often  make  an  error  in  economy  by 
following  the  old  estal)lished  rule  in  "  Dc  Pontibus  "  to  the  effect  that  the 
best  practicable  arrangement  is  generally  to  make  the  weight  of  the  flanges 
€*qual  to  the  weight  of  the  web  and  its  details;  and  there  are  oci-asionally 
cases  where  a  saving  of  metal  can  be  effected  by  making  the  wel)  depth  even 
smaller  than  that  given  by  this  old  criterion,  when  by  so  doing  a  web  spHce 
may  be  avoided  or  smaller  stiff(>ning  angles  may  be  adopted.  It  should  be 
borne  in  mind  that  there  is  quite  a  raiiu:f>  in  web  depths  over  which  the 
theoretic  minimum  wfeight  is  about  constant,  unless  the  thickness  of  the 
shallower  wel)  must  be  increased  on  account  of  the  shear;  hence  one  may 
oft<'n  vaiy  tiie  dimensions  of  a  plate-girder  materially  without  affecting 
greatly  tiie  matter  of  economic^!.  In  Fig.  20a  is  given  a  diagram  of  eco- 
nomic depths  of  plate-girders  with  riveted  end  connections. 

Concerning  economic  panel  lengths  for  truss  bridges,  it  is  safe  to  make 
the  following  statement:  Within  the  limit  set  by  good  judgment  and 
one's  inherent  sense  of  fitness,  the  longer  the  panel  the  greater  the  economy 
of  material  in  the  superstructure.  Of  course,  when  one  gcws  (o  such  an 
extent  as  to  use  a  thirty-foot  i)anel  in  an  ordinary-  sinj^le-t  rack-railway 
bridge  he  exceeds  the  limits  referred  to,  Ix'cause  the  lateral  diagonals 
become  too  long,  and  their  inclination  to  the  chords  I )ecomt^  too  flat  for 
rigidity,  .\gaiii.  an  (  xIk mely  long  panel  might  sometimes  cause  the  truss 
diagonals  to  have  an  unsightly  appearance  on  account  of  their  small 
inclination  to  the  horizontal. 

In  plate-girder  structures  with  floor-system  of  cross-girders  and  string- 
ers, there  is  generally  no  eeononiy  in  adopting  long  panels — in  fact  th^  are 
certain  to  involve  an  incrciise  of  total  weight  of  metal;  but,  on  the  other 
hand,  the  cost  of  erection  is  probably  lessened  by  reducing  the  number  of 
field-driven  rivets. 

Warren  trusses  are  cheaper  than  Pratt  or  Petit  trusses  for  paralld  chords, 
but  not  for  those  with  a  polygonal  chord.   The  first-mentioned  type 
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changes  sectioiml  areas  of  elionls  only  one-half  as  often  its  do  the  others, 
which  feature  teudb  to  save  metal  in  splice  plates  aud  expeiise  in  field 
riveting. 

The  length  of  span  at  which  it  pays  to  t  hange  from  parallel  cliords  to 
cun'ed  or,  more  properly  speaking,  poI\gonal  ehords,  will  var>'  witli  the 
cla«s  of  bridge;  hut  it  is  seldom  advisidjle  to  adopt  the  latter  for  spans 
under  two  hundred  feet.  The  greater  the  panel  length  the  greater  the 
limit  of  sj)an  for  parallel  ehords,  eonsetjuently  it  will  generally  he  found 
shorter  for  highwjiy  l)ridges  than  for  railway  bridges.  'Ihis  eiirving  of  the 
tcp  chords  of  long  through-spans  has  somctiuies  been  can  ied  to  such  excess 
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Fio.  20a.    lkx)nomic  Dcplluj  of  I'lule-Girders  with  Kivttod  Eud-Comiectioiifi. 

as  to  approach  veiy  doedy  the  old  parabolic  trusses,  in  which  the  curve 
extends  from  end-pin  to  end-pin.  In  a  large  and  in*p(ntant  bridge  over  the 
Mississippi  River  the  top  chords  of  the  nam  spans,  which  exceed  five  hun* 
dred  feet  in  loigth,  are  so  curved  as  to  involve  the  use  of  a  veiy  shallow 
portal,  allowing  but  the  ordinaiy  clear  headway  beneath.  Such  excessive 
curvature  causes  the  top  chord  to  do  most  of  the  work  of  the  web  and  makes 
the  latter  too  lif^t  and  vibratoiy.  It  also  necessitates  the  use  of  oounten 
orstiff  main  diagonals  almost  up  to  tiie  ends  of  the  span.  A  proper  curva- 
ture of  the  diords  is  not  only  economical  of  both  metal  and  mon^,  but  also 
is  osthetic,  adding  greatly  to  the  appearance  of  most  bridges,  consequently 
this  feature  should  be  encouraged,  but  not,  of  course,  to  excess.  The  best 
ourvature  d  chords  for  any  span  can  on]y  be  deteimined  by  experience, 
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the  eontrolling  factor  being  reveraion  of  web  rtroBooo.  In  general,  it  may  be 
said  thM  the  gieater  the  arahing  the  inoreartiatictte  Forhlghway 
bridges  it  can  be  made  greater  than  for  railway  iMridges,  because  the  effect 
of  impaetiBleeeintfaefonnerthanintfaelatter;  neverthete,  evoi  in  hig^ 
way  bridges  the  eurvature  must  not  be  esxried  to  eieess  on  account  of  the 
tendency  of  light  web  memben  to  set  up  vibratioii  fiom  inajgnifieant 
moving  loads. 
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ECONOMICS    OF    D£(  Kb    AND  FLOOK-3YSTEM8 
SllilAM-liAlLWAY  BlUDliES 

Dedc8 

Railway-bridge  docks  may  bo  of  timber  ties,  either  plain  or  treated, 
spaced  from  t  welvc  to  fifteen  inches  from  center  to  center,  witli  cither  two  or 
four  rows  of  w(>o<leii  j^uard-rails  bolted  thereto;  irouKh  floors  with  or 
without  balhust;  l):iUasted  road-bed  resting  on  a  sohd  floor  of  treated 
plaiiking,  steel  plate,  or  reinfoTced-ooncrete  dab;  or  rails  resting  directly 
on  the  steelwork. 

The  most  common  type,  and  the  cheapest,  tus  far  as  first  coat  is  con- 

oemed,  Is  the  open,  untreated-thnber  deck;  hut  it  may  be  more  expensive 
than  some  of  the  other  types  when  the  item  of  maiatenan(%  is  considered. 
It  affords  easy  riding,  but  is  not  so  safe  against  derailment  or  burning  as 
decks  that  are  closed.  These  advantages  and  disadv-antages,  however, 
cannot  be  evaluated  in  money.  Treated  ties,  of  course,  cost  more  than  the 
plain  ones;  l)ut  they  generally  last  so  much  longer  that  they  are  more 
economical  in  the  end.  They  can  he  of  a  cheaper  grade  of  timber  than 
the  untreateil  ones,  but  thi>  saving  is  offset  hv  tlie  necessity  for  using  tie 
plates  l>et\veen  the  tiinlier  and  the  rails.  Witliout  these  the  life  of  the  soft 
timber  woultl  be  very  short  under  lieavy  traffic.  Uowever,  first-class  COn- 
struetion  calls  for  tie  jilates  on  all  timber  ties. 

Trough  floors  with  l)allast  and  ties  therein  are  uncommon.  This  was 
one  of  the  first  kinds  of  shallow  fl(K)r  to  l)e  built,  but  it  has  gone  out  of 
fashion.  There  was  one  tie  per  trough,  and  it  generally  rested  directly  on 
the  steel;  but  soinetimc^s  a  few  inelies  of  ])alla.st  were  interpos(^l.  This 
tyiK^  is  noisy  and  exi)ensive,  and  tlie  replacement  of  ties  in  the  trough  is 
both  dilhcult  and  costly. 

Ballasted  decks  are  more  expensive  in  respcH't  to  first  cost  than  the  open 
ones,  esjx'cially  in  long-s]\'in  structures,  on  nreount  of  the  augmented  dead 
load.  They  provid(^  easier  riding;  and  foi-  short-span  bridges  on  first- 
class  lines  they  are  almost  exclusively  ad<.]  >;  ed  as  standard.  One  incidental 
advantage  that  th<>y  yxissess  is  that  they  penuit  the  use  of  skew  abutments, 
which  are  not  eomjiatiblc  with  the  open-timber  t>^x^  of  deck.  .Again,  they 
are  more  conducive  to  maintenance  of  alignment;  and  they  protect  the 
steelwork  fairly  well  from  brine  drippings. 

182 
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Hie  eheapest  good  type  of  ballasted  floor  ia  that  in  which  the  baflaat 
lestB  on  a  aoUd  baae  of  ereoaoted  planks;  and  a  high  authorily  on  railroad 
bridge  buildii^  and  operation  dahns  that,  oonaidering  the  ooet  of  mainte- 
nance, this  deck  is  cheaper  than  the  open-timber  one  for  qmns  of  ordinary 
length.  It  would  be  very  uneconomical  to  omit  the  treatment  of  the 
timber;  because,  in  replacing  the  base,  it  is  necesaaiy  to  remove  aJKl  store 
the  baUast  and  later  to  put  it  back. 

BaUast  resting  directly  on  sted  ^te  is  not  much  used,  although  it 
prodncea  a  shallow  deck,  which  is  sometimes  a  sine  qua  non.  It  is  expen- 
sive, and  the  sted  plate  is  liable  to  rust. 

Ballast  resting  on  a  reinforoed-ccmcrete  dab  lepresents  .'he  highest 
grade  of  construction,  but  it  is  too  heavy  for  long  spans.  In  short  spans, 
weight »  desirable  for  high  speed  so  as  to  check  vil»atian,  notwithstanding 
the  fact  that  the  cost  of  the  stedwork  is  increased  theral^.  It  is  the  best 
type  for  overhead  crossings  for  the  following  reasons — the  noise  is  reduced 
to  a  minimum,  it  can  be  built  waterproof  to  exdude  chippings,  the  depth 
can  be  Tnadc  comparatively  small,  and  the  maintenance  cost  is  the  least 
practicable.  This  style  of  deck  requires  a  spociaily-goml  drainage  system; 
and,  if  the  steel  is  encased,  the  deck  must  be  waterproofed,  which  adds  to 
the  expense.  True  economy  calls  for  n  two-ply,  three-ply,  or  even  four- 
ply  membrane  of  cotton  drilling  or  burlap  covere<l  with  asphalt  of  the 
proper  consistency.  The  cotton  has  proved  to  be  more  durable  than 
the  burlap;  and,  therefore,  it  is  the  more  economic.  It  is  advisable  for  the 
sake  of  durability  (and,  consequently,  for  that  of  economy)  to  rover  the 
waterproofing  with  either  protectioi^bricks  or  thin  concrete,  the  latter 
being  the  lighter  and  cheaper.  An  important  portion  of  the  work  is  the 
joint  of  the  flashinp;  with  the  web  of  the  nirder.  This  requires  very  care- 
ful att(»iition  in  lx)th  desij^n  and  construction,  if  leakage  is  to  be  prevented. 

Kails  laid  din'ctly  on  the  steelwork  fjive  a  minimum  depth  for  the  floor, 
but  they  require  a  rather  expensive  flcK^r-systenr,  and  there  Ix'inp  no 
cushion  l>etween  mils  and  steel  supports,  the  riding  is  not  easy  and  the  noise 
involved  is  excessive.  For  these  reasons  the  tyjx'  is  not  tiesirable;  and  the 
on^  excuse  for  using  it  is  a  compulsoiy  call  for  an  exceedingly  shallow  floor. 

Span»  wiihtnU  FlooT'SyilemB 

The  floor-system  proper  may  be  oniittecl  in  I-beam  spans,  most  deck 
plate-jjinler  spans,  those  half-throiinh  plate-girder  spans  in  whieii  the 
wooden  ties  rest  on  either  the  l)ottoni  tianges  of  the  main  girders  or  on  spe- 
cial shelf-angles,  and  short  deck  truss-simns  in  which  the  ties  are  sup- 
ported directly  by  the  top  chords.  This  omission  of  tlie  floor-system  is 
entirely  proper  from  the  ])oints  of  view  of  both  economy  and  exptniieney, 
as  far  as  I-beam  and  deck  plate-girder  si)ans  are  concerned,  and  even  in  the 
case  of  deck  tnis.s-spans  when  the  tniss-spacing  is  not  tfK)  wide.  Heyond 
the  limit  of  ten  feet  from  center  to  center  of  trusses  the  size  required  for  ties 
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becomes  txx>  preat  for  licavy  loadings.  It  is  true  that  this  limit  is  soine- 
timos  made  as  hi^h  as  thirtcrn  feet;  but  then  the  ties  are  difficult  to  secure, 
and  the  inaintcnanco  cost  tlicrcof  is  large. 

He>iting  ties  on  the  lK)tt<)i«i  Hunges  or  on  special  shelf-angles  in  half- 
through,  plate-girder  spans,  although  economie  in  first  cost,  is  not  good 
construetion;  because  the  removal  and  replacement  of  the  said  ties  is 
abnormally  troublesome  and  cxixmsive.  This  practice,  which  was  (juite 
coinniori  two  or  three  decades  ago,  is  pseudo-economical,  especially  in  view 
of  the  rapidly-augmctit  ing  y^riees  of  timber.  Moreover,  this  detail  has  a 
tendency  to  distx:)rt  the  webs  of  the  girders;  and  the  depth  available  for 
cross-struts  is  small.  Tlust?  are  needed  for  a  proper  staying  of  the  top 
flanges  of  th(^  main  girders,  and  they  have  to  l>e  stiff  in  order  to  be  elTective. 

Opan  timber  decks  can  l)e  used  on  I-ln^am  spans,  on  deck,  plate-girder 
spans,  and  on  deck  truss-spans  without  floor-systems,  as  can  also  ballasted 
decks  supported  by  treated  timl>er  or  rein  forced-concrete  slabs.  In  short 
I-b(!am  spans  the  ))cams  can  he  spaced  closely  and  a  tiiin  slab  can  be 
employed,  or  the  l>eams  can  ho  embedded  in  the  slab,  or  there  can  lie  used 
longitudinal,  reinforced-concrete  troughs  resting  on  the  bottom  flanges  of 
the  I-lx?ams  with  the  latter  enca,sed  in  concrete.  For  I-lwam  s])ans  with 
either  timber  or  balhisted  deck,  it  is  chea|H*.'^t  to  adopt  the  minimum  numlxr 
of  beams  that  will  carry  the  load;  but  with  limited  headroom  it  will  be 
found  necesvsary  to  employ  shallow  beams  and  space  them  closely.  If 
it  be  desirable  for  the  sake  of  protection  to  encase  the  said  beams  in  con- 
crete, it  is  usually  most  economic  to  rest  the  slab  on  the  beams  and  encase 
them  separately;  but  for  very  thin  floors  it  is  cheapest  either  to  embed  the 
beams  in  the  solid  slab,  or  to  use  reinforced-concrete  troughs. 

FloorSysUm 

The  sfeandaid  flooivsystem  oonaistB  of  two  stringers  per  tmok  riveted 
to  the  erosB-guderB,  with  the  latter  riveted  in  turn  to  the  tniBsee  or  main 
girders.  In  genersJ,  this  construction  is  by  far  the  most  eoonomic  type 
of  floor-system;  and  it  provides  substantial  floor-beams  at  panel  points 
to  serve  as  lateral  struts.  It  can  be  used  with  any  of  the  ordinary  types  of 
deck  previously  described.  Auzfliaiy  stringers,  often  termed  •"jad^> 
stringers,"  are  sometimes  added  so  as  to  take  care  of  derailed  trains. 
Four  carrying-stringers  per  track  are  occasionally  emi)lo3  ed,  either  because 
it  is  the  policy  of  the  road  to  do  so  or  in  order  to  permit  the  adoption  of  a 
shallow  floor,  especially  in  half-through,  plate-gbder  spans.  It  is  moce 
economic  to  adopt  four  lines  of  carrying-stringers  per  track  than  to  have 
only  two  of  them  and  two  lines  of  jack-stringers,  for  the  reason  that>  except 
in  the  case  of  derailment,  the  latter  are  idlers.  Four  eanying-etringers,  of 
course,  require  more  metal  than  do  two,  especiaDy  with  long  panels;  but 
with  ballasted  decks  on  concrete  slabs  they  permit  a  reduction  in  the  slab* 
thickness;  and  in  spans  of  considerable  length  the  reductaon  in  dead  load 
involved  will  nearly  compensate  for  the  extra  stringer  metaL 
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The  economic  panel  Icnpth  for  this  type  of  floor-system,  a,s  far  as  that 
floor-system  alone  is  eoiicerned,  is  always  smaller  than  can  he  eniplo^'ed 
for  single-track  truss-bridges,  whether  throu,';h  or  deck,  iis  can  be  seen  by 
referiing  to  the  curves  on  pages  1224,  1221),  and  1233  of  "Bridge  Engineer- 
ing." This  is  also  true  for  double-track,  rivet<'d-tniss  bridges,  as  shown 
by  the  curves  on  page  1239  of  that  treatise,  although  there  is  no  great 
reduction  below  25  feet.  For  double-track,  jiin-connected  l)ridges,  25 
feet  is  the  economic  length  (see"  Bridge  Enginwring,  '  page  1244).  This 
is  due  to  the  extra  metal  requu^  for  the  cut-away  ends  of  the  flwjr-lwams, 
making  pin-span  cross-girders  much  heavier  than  rivcted-span  ones. 
Where  jack-stringers  or  four  lines  of  carrying-stringers  per  track  are 
wnployed,  the  eooiMmiic  pand  lengths  would  be  still  shorter.  It  will  be 
found,  however,  that  variation  in  panel  length  will  not  affect  greatly  the 
total  weight  of  metal  in  span,  since  lengthening  the  panels  generally 
reduces  the  truss  weight.  For  bng,  deep  trusses,  longer  panels  than 
usual  give  smaller  total  weights  of  truss  metal. 

In  respect  to  the  economic  depths  of  stringers  for  two  lines  per  track, 
th^  vaiy  from  4  feet  for  20-foot  panels  to  5  feet  for  35-foot  panels  with 
light  live  loads,  and  from  5  feet  for  20-foot  panels  to  6  feet  for  35-foot 
panels  for  heavy  live  loads.  The  eoonoouc  depths  for  four  lines  of 
stringers  per  track  are  about  one  foot  less  than  the  preceding. 

The  economic  depths  for  floor-beams  vary  from  5  feet  to  6  feet,  accord- 
ing to  panel  length,  in  single-track  bridges  with  light  live  loads,  and  from 
6  feet  to  7  feet  with  heavy  live  loads.  The  corresponding  figures  for 
double-track  bridges  are  req)ectively,  from  6  feet  to  8  feet,  and  frran  8 
feet  to  10  feet. 

Under-dearance  requirements  often  call  for  shallower  floor4ieBms 
than  those  of  economic  depth,  especially  for  double-track  bridges.  Veiy 
shallow,  double-track,  raflway-bridge  floor-beams  are  quite  expensive. 
Any  decrease  in  deptix  of  floor-system  below  the  economic  one  wiU  increase 
the  cost  of  main  structure;  but  this  is  partially  offset  by  the  slightly- 
reduced  lengths  of  approaches;  consequently,  when  comparing  the  costs 
of  floor-systems  of  different  depths,  this  fact  must  not  be  forgotten. 

Half-through,  plate-girder  spans  are  used  only  where  the  headroom  is 
limited;  hence  the  flooMystems  for  these  structures  are  almost  always 
shallow  and  uneconomic  of  metal.  With  open-timber  decks,  four  lines  of 
eanying-stringers  per  track  are  employed  in  order  to  provide  a  shallow 
floor;  and  the  paneb  can  be  short  and  of  economic  length.  Solid  floors 
are  quite  common  with  through-pUte-girder  construction.  The  trough 
floor-system  is  very  thin,  and  hence  is  applicable  thereto;  but  it  is  expensive 
and  otherwise  objectionable,  as  hereinbefore  explained.  When  a  ballasted 
deck  on  ereoeoted  timber  is  adopted,  four  stringers  per  track  can  be  used, 
but  it  is  more  conunon  to  employ  dosdy-spaced,  transverse  rolled  I-beams, 
espedally  when  the  headroom  beneath  is  smaH.  The  hitter  construction 
is  also  usually  employed  with  a  baOssted  deck  carried  on  a  sted  plate. 
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RallaBted  decks  on  reinforced-ooncrete  slabs  are  much  used  for  half- 
through,  plate-girder  spans.  The  floor-system  can  be  of  the  usual  stringer- 
and-floor-beam  type,  generalfy  with  four  lines  of  stringers  per  track, 
on  account  of  restricted  headroom;  or  the  slabs  can  rest  on  rather- 
doeely-spaced,  transverse  beams.  With  the  latter  arrangement  it  ia 
economic  of  metal  to  adopt  spadngs  of  5  feet  or  more;  but,  on  account 
of  restricted  head  room,  it  is  frequently  necessary  to  space  much  more 
dosely,  in  order  to  permit  the  use  of  shiUlower  beams.  If  the  available 
depth  is  very  small,  these  cross-beams  can  be  embedded  in  the  solid 
slab;  or  reinforoed-concrete  troughs  resting  on  the  bottom  flanges  of 
the  beams  can  be  employed,  the  tops  of  the  beams  being  encased  in 
concrete.  The  relative  economics  of  the  last  three  types  depend  on 
whether  the  steel  needs  to  be  encased  so  as  to  protect  it  from  locomotive 
blast  or  otiier  attack  from  Ixlow.  If  no  encasement  be  required,  the 
first  type  is  the  cheapest;  but  otherwise  there  is  not  much  difference  in 
the  costvS  of  the  three.  As  before  mentioned,  in  all  cases  where  beams  are 
embedded  in  concrete,  the  top  surface  of  the  slab  must  be  water- 
proofed. 

Rails  resting  directly  on  the  steel  require  floor-systems  of  closely-spaced, 
transverse  beams — an  expensive  construction  and  not  good  in  case  of 

derailment. 

In  respect  to  encasement,  it  is  generally  economic  to  put  it  on  by 
ceiiH'iit-j^un,  because  it  is  cheaper  than  the  ix)ureti  covering,  and  being 
thinner  it  saves  in  the  dead  load  to  \)e  carried  by  the  ^<teehvork. 

For  double-track,  deck  tniss-spans  it  is  most  economical  for  the  floor- 
system  to  s[);ico  the  trusses  20  feet  or  21  feet  centers,  and  to  use  two  lines 
of  stringers  about  7  feet  centers,  resting  the  tics  on  tlie  stringers  and  top 
chords.  Such  a  floor-system  wciglis  l)Ut  little  more  than  that  for  a  single- 
track  through-bridge.  It  may  take  so  much  extra  metal  in  the  strength- 
ened chords  as  to  absorb  most  of  the  saving  from  the  omission  of  the  two 
lines  of  stringers,  but  the  floor  beams  are  much  lighter  than  those  ordi- 
narily re(juire:l  for  double-tnick  bridges.  There  is  also  considerable 
economy  involved  in  the  lateral  system  and  vertical  sway  bracing.  In 
this  layout  of  floor-system  any  of  the  three  ordinary  types  of  deck  can 
be  utiliz(Hl. 

In  general  it  may  be  stated  that  for  any  span-length  the  floor-system  of 
a  deck  span  will  be  cheaixT  than  that  of  a  through  span. 

Stringers  are  usually  plate-girders,  except  for  through,  plate-girder 
spans;  and  in  these  rolled  I-beams  are  more  applicable.  Floor-beams 
are  nearly  always  plate-girders,  although  occasionally  in  narrow  structures 
it  may  pay  to  use  deep  rolled  I-bejims.  rros,s-b('ams  in  through,  plate- 
girder  spans  having  no  stringers  are  nearly  always  rolled  I-bcams,  unless 
the  span  be  unusually  W'ide. 

In  making  economic  comparisons  between  plate-girder  and  rolled 
I-beam  constructions,  it  is  necessary  to  take  into  account  the  difference  in 
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the  pound  prioes  of  the  two  types,  the  laid  differanoe  usually,  but  not 
alwaysi  being  in  favor  of  the  latter. 

£lbcibic  Railway  Bsaxns 

Hub  type  of  abructure  is  found  on  interurban  roads  and  elevated 
railways.  The  economic  probkms  of  the  deck  and  floor-flfyBtem  are  sim^ 
flar  to  those  in  steam-raihray  structures,  except  that  the  oonstraction  is 
much  lighter.  The  economic  lengths  are  somewhat  greater  because  the 

economic  principles  involved  are  identicaL 

Highway  Biudqes 
Dedca 

For  highway  bridges  there  are  two  general  types  of  deck,  viz.,  timber 
and  concrete.  In  respect  to  first  cost  of  both  the  deck  itself  and  the 
material  required  to  support  its  weight,  the  timber  type  is  always  the 
cheaper,  the  saving  increasing  with  the  span  length.  In  times  past  the 
timber  deck  per  se  was  veiy  much  leas  costly  than  the  concrete  deck,  but 
to-day  it  is  otherwise,  because  the  price  ci  timber  has  risen  more  rapidly 
than  that  of  any  other  material  employed  in  bridge  construction*  Whether 
at  the  present  time  in  any  particular  case  timber  or  concrete  per  «e  for  decks 
Is  the  cheaper  will  depend  somewhat  upon  the  locality  and  the  availability 
of  supply  for  the  various  materials.  Hie  solution  of  the  question  has  to 
be  determined  spedalliy  for  each  case,  as  it  arises,  but  the  difference  in 
first  cost  for  the  two  types  wiU  seldom  be  found  great  The  real  economic 
question  involved  is  one  of  comparative  weights  and  costs  of  the  materials 
required  to  cany  the  deck. 

When,  however,  maintenance  and  renewals  are  taken  into  oonsidera- 
tion,  the  concrete  deck  will  nearly  always  be  found  to  be  the  more  econom- 
ical for  diort  spans  and  those  of  moderate  length.  There  is,  though,  one 
factor  of  vital  importance  that  cannot  well  be  considered  in  the  economic 
comparison,  vis.,  the  danger  from  fire.  This  is  so  hnportant  as  to  rule  out 
the  use  of  timber  m  bridge  decks  for  all  cases  in  which  it  is  practicable  to 
raise  the  money  required  for  the  concrete  construction,  excepting  only 
that  ereosoted  wooden  blocks  on  a  reinforced  concrete  base  are  permia- 
sible  on  account  of  being  almost  fireproof,  or  at  any  rate  veiy  skyw-buming. 

An  exception  might  be  made  for  the  movable  span  in  a  bascule  bridge 
because  the  tipping  of  the  floor  to  a  vertical,  or  nearly  vertical,  position 
is  somewhat  objectionable,  although  it  is  not  impracticable  to  design  a 
concrete  floor  with  a  concrete  pavement  thereon  in  such  a  manner  as  to 
withstand  effectively  the  said  tipping.  In  case  the  timber  floor  be  adopted, 
it  would  be  necessaty  to  take  the  utmost  precaution  against  injury  by  fire. 

Ptwings  for  Roadways 

The  typo  of  paviiifj  to  adopt  depends  u])on  whether  any  timber  ia 
to  be  used  in  the  deck.   Plauks  make  the  cheapest  kind  of  flooring,  but 
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they  afford  a  poor  riding  suifaoe  and  are  abort-lived.  Tranavene  planks 
are  objectionalde  on  account  of  roii|^  riding,  and  diagonal  ones  are  better 
for  bi^-apeed  traffic,  although  they  splinter  and  are  primarily  aomeirhat 
more  expensive — due  to  a  waste  in  cutting  them  to  proper  lengths.  Longi- 
tudinal planks  affoni  the  easiest  riding,  but  they  do  not  wear  at  aU  unifon^ 
because  of  the  tendency  of  the  travel  to  run  in  certain  lines. 

Planks  can  be  either  untreated  or  creoeoted.  Creosoting  delays  the 
process  of  decay  but  lowers  the  resiatanoe  to  abrasion;  henro,  for  the 
wearing  floor,  untreated  planks  are  the  more  economical.  A  hard- 
wood timbw  that  does  not  warp  or  twist  excessively  is  the  best  for  the  said 
wearing  floor.  A  douhUvplank  floor  with  the  lower  layer  creosoted  :iiu! 
the  upper  layer  placed  diagonally  ia  ultimately  the  moat  economical  oi  ail 
plank  floors. 

With  the  creosoted  planks  it  is  practicable  to  use  a  pavement  of  cre- 
osoted pine  blocks,  but  the  combination  is  very  inflanmiable,  and  hence, 
is  not  truly  economic.  A  similar  pavement  can  be  used  to  advantage  for 
bascule  spans  by  adopting  instead  of  the  blocks  maple  planks  on  edge 
bolted  into  groups  and  attached  finuly  to  the  steelwork. 

With  a  concrete  base  any  desireil  type  of  paving  fan  he  employed — 
wood  blooks,  hrif'k,  asphalt,  hitulithic  concrete  or  any  other  kind  of 
bituminous  ])aving,  j)lain  concrete,  or  granitoid.  Wood  block  is  the 
most  expensive  a.s  far  a.s  first  cost  is  concerned,  but  it  makes  a  much  better 
showing  in  the  comparison  when  maintenance  and  renewal  are  considered. 
Brick  per  sc  is  less  expensive,  hut  it  is  heavy  and.  in  conset^uence,  requires 
more  metal  to  carr>'  it.  Tliis  is  not  a  s(Ti()iis  handicap  on  abort-span 
bridges,  but  on  long-span  ones  it  is  almost  prohibit()r>'. 

Asphalt  and  l)ituniiiious  ]iavenients  in  general  are  good;  and  usually 
they  are  no  heavier  than  the  wooden-hlock  ones.  Unfortunately,  they 
require  an  extensive  plant  to  lay  them;  and,  as  the  total  area  of  paved 
surface  on  most  bridges  is  comparatively  small,  the  charge  p<T  scjuare  yard 
for  use  of  plant  will  he  excessive,  unless  tiiere  he  a  nearby  plant  available. 
To  adopt  an  asphalt  or  bitulithic  paving  on  a  hridgt^  in  a  small  town  is,  for 
that  reason,  rarely  economic  practice.  This  difliciilty,  however,  can  l)e 
overcome  by  adopting  an  asphalt  block  pavement,  which  requires  no 
plant  for  its  construction. 

A  concrete  wearing-surface  in  many  cases  is  both  satisfactory  and  com- 
paratively inexjH'nsive,  for  it  requires  no  special  plant  to  lay  it:  neverthe- 
less an  extni  hard  and  dural)le  aggregate  is  obligatory,  and  tlie  concrete 
must  be  ver>'  carefully  mixed,  ]ilaced,  and  finished,  and  mu.st  l)e  kept 
proyx'rly  wet  while  curing,  es])eciall\  in  hot,  dr}'  weather.  I'nless  these 
precautions  be  observed,  tlu^  concrete  pavement  will  not  prove  economic 
becau.«e  of  short  life  and  the  expense  of  repairs  and  replacement.  It  will 
be  found  advisable  to  design  with  an  allowance  in  dead  load  for  an  extra 
two  inch(>s  of  concrete,  so  that  a  thicker  wearing  surface  may  be  put  on,  if  . 
ever  desired,  without  overloading  the  floor^ystem  or  the  trusses. 
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Sidcimlka 

Sidewalks  are  usually  reinforced  slabs  of  granitoid  or  q[)eciaUy-hard 
concrete,  or  else  untreated  planks.  Thv  latter  are  the  cheapest,  even 
when  the  cast  of  maintenance  is  considered,  for  they  last  fairly  well; 
but,  like  all  other  timherwork,  they  are  subject  to  destructioa  by  fire, 
involiriiig  also  injury  to  the  metallic  portion  of  the  structure. 

Sub-Panng  or  Bam 

As  previously  stated,  the  reinforced-concrete  dab  makes  the  best  and 
most  economic  base  for  pavement.  The  reinforcing  must  be  arranged  to 
Aiit  the  steel  floor-system,  which  will  be  described  later.  A  timber  base, 
either  plain  or  creoeoted  is  not  truly  economic  construction  because  of  the 
fire  risk,  neverthdees  it  is  frequently  used  because  of  limited  funds,  or  for 
lade  of  appreciation  of  true  economy  in  design.  Comparing  creoeoted  and 
jdain  planking,  the  former  is  more  expensive  and  heavier,  but  the  plain 
plank  as  a  base  rots  so  rapidly  that  its  use  is  uneconomic.  Modem  con- 
centrated loads  rcxiuire  that  the  distances  between  supports  for  the  planks 
be  small — say  two  feet  for  3-inch  planks  and  two  and  a  half  feet  for  4-inch 
ones.  The  former  thickness  is  totally  unfit  to  suppcni  heavy  traffic,  espe- 
daOy  after  either  abrasion  or  decay  has  started.  With  the  live  loads 
adopted  in  the  standard  bridge-specifications  of  today,  timber  joists  .or 
stringers  are  not  truly  economic;  for  veiy  heavy  members  would  be 
required  for  panels  of  any  length,  even  down  to  the  shortest  ever  likely  to 
be  considered.  The  cheapest  timber  floor  is  obtained  plank  carried 
on  ties  supported  by  widely-spaced  steel  stringers.  Common  practice, 
however,  spaces  the  stringers  closer  and  puts  nailing-strips  thereon. 
This  increases  materially  the  cost  of  the  stringers. 

Curbs 

The  best  kind  of  curb  to  adopt  depends  essentially  upon  the  style  of 
deck.  With  a  concrete  deck  or  a  pavement  on  a  xeinforoed  concrete  base, 
a  concrete  curb  properly  faced  with  a  steel  angle  is  the  appropriate  con- 
struction; but  for  timber  decks,  wooden  guards  are  the  proper  thing. 
True  economy  demands  that  the  drainage  of  the  deck  be  correctly  taken 
care  of,  either  by  openings  beneath  the  curbs  or  an  effective  i^ade  on 
the  roadway. 

When  the  steelwork  is  encased  in  concrete,  or  when  no  dripping  of 
water  on  the  space  below  the  deck  is  allowable,  it  become  necessary-  to 
provide  watcri)ioofing  between  the  paving  and  the  sub-base.  The  mem- 
brane t>7>e  of  waterproofing,  previously  described  for  railroad  bridges,  is 
the  best  and  most  economical. 
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HmdratU 

Hmdinflii  aie  made  of  concrete,  structural  steel,  gaspipe,  or  timbar. 
The  concrete  rails  are  the  best  looking,  but  are  also  the  most  flKpenshne. 
Contrary  to  the  general  ideas  of  engineers,  tlirv  will  require  repairs  from 
tone  to  time,  in  order  to  replace  chips  broken  off  from  the  sharp  edges  of 
^v^^mna  by  blows,  or,  by  spalling  in  the  case  of  concrete  placed  in 
weather  and  not  thoroughly  protected  against  freezing. 

Steel  handrails  are  eipeDBive,  when  substantial;  and  they  require  paint- 
ing from  time  to  time. 

Gas-pipe  handrails  are  flimsy  in  appearance  and  ineffective  besides. 

Timljer  handrails  are  the  cheapest,  but  like  all  other  timlx^r  construc- 
tion in  bridges  thc>v  are  objectionable  because  ol  tire — besides^  the  ordinaiy 
ones  are  inherency  ugly. 

With  timber  decks  the  problem  of  caring  for  the  electric-railway  tracks 
18  a  simple  one,  but  with  a  jwnnanent  deck  it  is  somewhat  difficult,  involv- 
ing, as  it  does,  some  economic  considerations.  In  the  first  place,  the  rail.s 
must  be  of  a  height  to  suit  the  pavement  adopted,  and  their  heads  must  bo 
flush  with  the  top  thereof.  Next,  the  best  method  of  support  is  a  knotty 
point  to  solve.  For  a  concrete  deck  there  can  be  employed  timlxr  ties 
surrounded  with  either  ballast  or  concrete,  or  steel  ties  embedded  in  con- 
crete, or  steel  ties  embedded  in  the  reiiiforoedHXinerete  slab  and  resting 
directly  on  the  steel  stiingers,  or  sted  railHshairB  supported  in  a  similar 
manner.  When  the  roadway  and  the  railway  are  separated  so  that  the 
two  kinds  ol  tnffio  cannot  mingle,  any  of  the  ty^  of  floor  previously 
described  for  steam  raflwaijni  can  be  used.  The  wooden  ties  are  generally 
the  least  eoqienflive  type  of  track,  and  steel  ties  in  a  concrete  base  are  costly. 
Steel  ties  in  the  reinforcing  dab  and  resting  directly  on  the  sted  stringero 
make  good  construction,  especially  for  long-span  bridges.  Sted  chairs 
are  cheaper  and  fairiy  good,  butthey  do  not  oisure  a  perfect  spacing  of  the 
rails.  Wooden  ties  in  ballast  are  cheap  per  se,  but  the  construction  is 
heavy,  and,  therefore,  ezpenave  for  aD  but  veiy  short  spans. 

Thc^  arranjioment  of  the  floor-system,  i.e.,  stringers,  joists,  floor-btmms, 
and  cross-^inlcrs,  with  tlirir  bracing,  deix^nds  upon  both  the  type  of  deck 
a<lopted  and  the  kind  of  .-pan  employed. 

In  I-l)cam  spans  there  is  no  need  for  a  floor-system,  lx»cause  they  are  so 
short  that  a  concrete  deck  is  all  they  require;  and  its  extra  weight,  as  com- 
pared with  that  of  the  open  deck  of  timber  ties,  does  not  add  appreciably  to 
tJie  cost,  because  of  the  large  ratio  in  any  c^se  of  live  load  to  dead  load. 
The  economical  spacing  of  the  I-beams  varies  from  six  to  ten  feet,  increasing 
gradually  with  the  span  length.   The  imder-clearance,  however,  may  be 
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limited,  requiring  dose  spacing,  so  as  to  peimit  the  adoption  of  shallower 
sections  than  the  eoonomic  ones.  The  beams  are  frequently  encased  in 
concrete  in  ontor  to  protect  the  metal  from  the  fumes  of  locomotives  passing 
below.  If  a  timber  deck  should  be  adopted  with  planks  resting  either 
directly  on  the  stringers  or  on  nailingHBhims  bdted  thereto,  the  spacing 
should  be  some  two  and  a  half  feet,  more  or  less,  depending  upon  the  sise 
of  the  concentrated  wheel-loading;  but,  if  the  planks  are  carried  on  wooden 
ties,  the  spacing  may  be  made  about  five  feet. 

In  deck,  plate-j^oder  spans  also,  the  fiwxMsystem  can  sometimes  be 
omitted,  especiaUy  in  short  spans,  with  either  concrete  deck  or  planks  on 
ties;  but  in  long  spans  of  this  type  the  steel  floor-^stem  win  generally  be 
found  more  economical.  The  limiting  span-length  for  omission  of  floors 
system  is  tasty  or  seventy  feet,  as  far  as  the  economics  of  the  superstructure 
alone  are  concerned;  but  such  extreme  lengths  may  increase  too  greatly  the 
cost  of  the  supporting  parts.  For  ipstance,  with  only  two  lines  of  main 
girders  and  a  floorHsystem  there  will  be  required  only  two  columns  per  bent 
and  two  pedestals  to  support  them;  whereas  with  several  lines  of  girders 
there  must  be  several  columns  and  pedestals  per  bent,  or  else  a  heavy  cross- 
girder  or  a  continuous  concrete  pier,  either  of  which  is  more  expensive  than 
a  pair  of  colunms  with  their  pedestals  and  bracing.  If  for  any  reason  it  be 
decided  to  use  continuous  shafts  in  the  piers,  there  may  be  no  extra  expense 
due  to  supporting;  s(  vend  lines  of  girders;  in  fact,  there  may  be  a  reduction 
in  cost,  because  it  might  be  possible  to  employ  narrower  piers  or  seate. 

In  deck,  plate-girder  spans  with  floor-systems  it  is  economic  to  use  onty 
two  linqs  of  main  girders  up  to  a  fifty-foot  total  width  of  deck  or  in  some 
cases  even  sixty  feet.  The  girders  for  economy  should  generally  be  placed 
at  the  quarter  widths,  so  as  to  ol)tain,  in  both  substructure  and  super- 
structure, the  full  economic  benefit  of  the  cantilevering.  In  narrow  stnic- 
turcs  the  spacing  should  }>e  proportionately  greater  for  the  sake  of  rigidity 
and  stability.  With  three  lines  of  main  girders,  the  spacing  should  be 
about  one-third  of  the  total  width  of  the  deck. 

The  standard  floor-syst«m  in  deck,  plate-girder  construction  has 
stringers  carried  on  fioor-l>eani8.  The  ix)rtions  of  the  latter  outride  of 
the  outer  girders  are  cantilever  beams  with  a  strap-plate  over  the  top  of 
the^main  ginler  and  some  kind  of  pro»>er]y  designed  detiiil  below  to  carry 
the  compression  from  the  bottom  flange  of  the  cantilever  to  the  lK)ttom 
flange  of  the  floor-beam.  The  stringers  are  generally  rolled  I-l^ms  and 
the  crf)ss-girders  built  beams,  although  occiisionally  it  will  be  found 
economic  to  employ  a  deep  rolled-I-beam.  With  planks  resting  on  stringers, 
either  directly  or  by  interi>osed  nailing  strips,  the  stringer  spacing  will, 
of  course,  be  determined  by  the  size  of  the  specified  concentrated  live 
loads  and  the  assumed  thickness  and  kind  of  material  of  plank.  It  is 
generally  about  two  feet  for  three-inch  plank  and  two  and  a  half  feet  for 
four-inch  plank.  (  loser  spacings  than  these  involve  an  extravagant 
amount  of  metal  for  stringers. 


Digitized  by  Google 


102 


BCONOIOCS  or  BBIDOBWQBX  Ghaptbi  XXl 


With  planks  restiiig  on  ties,  a  qMcing  of  five  feet,  or  even  more,  can 
be  used,  depending,  of  oooiee,  on  the  aiie  and  strensth  of  tie  and  the 
aBBumedooneentrated  live  load.  Tlik  wide  spacing  leduoes  materially  the 
weight  of  metal  in  the  stringefs,  thus  saving  move  than  enough  to  com- 
pensate for  the  cost  of  the  ties. 

With  a  concrete  deck  it  is  eooncnnical  to  space  the  stringers  from  six 
to  ten  feet,  there  bang  veiy  Uttle  difference  in  total  cost  for  variationa 
between  this  range.  It  is  better,  as  a  role,  to  adopt  the  smaller  limit  so 
as  to  reduce  the  cost  of  the  slab-fomis.  The  economic  pand4engt}i 
small,  running  from  ten  or  twelve  feet  for  a  twenty4bot  spacing  of  main 
girders  to  fifteen  feet  for  a  thirty-foot  spacing,  and  to  eighteen  feet  for  a 
fifty-foot  spacing.  It  is  specially  slior  t  for  closely-spaced  stringers  with 
plank  floor.  In  general  it  may  be  said  that  the  greatest  economy  obtains 
when  one  of  the  standard  beams  just  barely  figures  as  a  stringer.  For 
instance,  if  in  choosing  between  a  six-foot  and  a  seven-foot  stringer-spacing, 
the  20"  65  lb.  I  just  figures  for  the  latter  and  must  also  be  used  for  the 
former  because  the  18"  60  lb.  I  is  not  strong  enough,  it  will  l>e  found 
eooncnnical  to  adopt  the  greater  spacing.  On  the  other  hand,  if  the  18'' 
55  lb.  I  just  figures  for  the  six-foot  spacing,  and  the  20"  65  lb.  I  is  required 
for  the  seven-foot  spacing,  the  former  will  prove  the  more  ecanomie. 

The  question  of  extra  metal  in  girders  or  trusses  to  carry  heavier  dabe 
is  not  important  with  short  spans,  but  is  very  much  so  with  long  spans. 

With  concrete  deck  on  plute^rder  spans  it  will  sometimes  be  found 
cheaper  to  use  no  stringei"s,  but  to  employ  rather-closely-spaced  cross- 
girders  on  which  tlio  slab  rests  directly.  The  economic  spacing  of  thes(\ 
girders  figures  out  twelve  feet  or  more,  so  far  as  (juaiitities  of  materials 
are  concerned;  ])ut  it  is  l>ett(>r  to  us(»  ten  feet  or  even  less,  because  the 
supporting  of  the  slab-forms  for  the  long  panels  is  expensive.  This  tyi>e  of 
floor  is  sjH'cially  adapted  to  through,  plate-girder  spans  and  will  be  dis- 
cussetl  further  in  connection  llicicw  itli.  It  does  not  save  (juite  so  much 
with  deck  plate-girders,  as  tlic  ^^irdcrs  tiieinselves  form  two  or  more  lines 
of  stringers;  hence  llic  totjil  wciirlit  of  stringer  metal  which  can  be  sjived 
is  h'ss  with  deck  plate-girders  lluui  wilh  tlirough  plate-girders.  Again, 
an  outside  stringer  may,  in  any  case,  be  required  to  support  the  hand- 
railing. 

When  the  structure  carries  electric  railway  tracks,  a  stringer  must  be 
placed  \mder  eacli  rail.  The  achlition  of  such  stringers  would  practically 
eliminate  the  saving  above  discussed;  and,  tiierefore,  the  standard  type 
of  floor-system  with  stringers  arid  floor-beams  should  l)e  employed. 

Sidew;dk  slabs  sliouM  l>e  earri(!<l  on  loiigitudin:il  stringers,  even  if  the 
cross-gird(>rs  are  s]ia<'eil  elosely.  TIjc  outside  stringer  should  generally 
be  a  chamiel  so  as  to  provide  a  (lush  surface  for  the  attachment  of  the  liand- 
railing;  and  with  sliort  j)anels  the  iimei-  stringers  may  be  of  the  same  sec- 
tion. For  five-foot  walks  two  stringers  will  give  the  cheapest  construc- 
tion, the  curb  stringer  of  the  roadway  sometimes  being  utilized  as  one  of 
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them.  For  eight-foot  or  ten-foot  sidewalks  three  Btriogere  are  economic. 
Sidewalks  on  deck,  plate-girder  l)ndge8  reduce,  or  even  eliminatey  t)ie 

economy  of  the  strin sit m  less  type  of  floorn^stem. 

With  half-through,  plate-gin ](  ?-  spans,  the  positions  and  numberB  of 
girders  are  generally  fixed,  two  being  just  outside  of  the  cuib-lineB;  but 

in  wide  roadways  it  is  economic  to  iiso  three  lines  of  girders,  although  the 
^ilitting  of  the  traffic  l)y  the  middle  girder  is  not  a  desirable  feature.  In 
the  case  of  a  very  shallow  floor,  though,  such  spUtting  cannot  be  avoided. 

The  stringerless  type  of  floor-system  is  nearly  always  cheaper  in  half- 
through,  plate-girder  spans  than  the  standard  type  with  its  stringers  and 
floor-beams.  With  oloctric-railway  tracks  the  a*lvantjige  is  smaller  than 
whore  there  are  none.  With  no  such  tracks  tlie  saving  of  metal  iuiiounts 
t«  some  200  lbs.  j)or  lineal  foot  of  span  for  a  structure  of  any  ordinary 
width;  and  the  excess  cost  of  tl)c  thicker  sla1>  is  small.  Agaiii,  the  stringer- 
less  type  is  shallower  tlian  the  other  — wliich  is  often  very  imjiortant.  By 
spacing  the  1  (earns  closely  a  very  shallow  floor  can  Ik»  obtained  at  moderate 
cost:  hut  too  shallow  sections  are  not  desirahle,  jis  tliey  do  not  afford 
sufficient  lateral  support  for  the  top  flanges  of  the  main  jrinlers. 

The  floor-systems  of  half-through.  ])!ate-ginler  i)ii(lges  very  often  must 
be  encased  in  concrete.  This  is  to  the  a<lvantage  of  the  stringerless  type, 
which  has  smaller  area  to  cover  and  involves  mon'  simple  work. 

When  a  concn^t^  slab  is  employe<l,  it  should  be  carried  over  to  the  webs 
of  the  girdci-s  and  support e<l  on  shelf  angles.  If  the  floor  is  encased,  the 
detail  at  the  girder  web  needs  careful  attention,  in  order  to  prevent  water 
•from  entering  and  thus  causing  rusting  of  metal  and  spUiting  oil  of  encase- 
ment. 

Sidewalks  on  half-through,  plate-ginier  spans  are  carried  on  cantilever 
brackets,  but  outxn-  ste(>l  stringers  will  be  needed.  The  inner  edge  is 
supported  on  a  shell  aiiiile.  A  close  spacing  of  these  brackets  is  advan- 
tageous, as  generally  tlicre  is  difficulty  ui  properly  taking  care  of  large 
top-flange  tension. 

With  tru.ss  spans,  the  standard  floor-system  of  stringers  and  floor-beams 
is  nearly  always  adopted,  because  it  would  usually  be  uneconomic  to  sup- 
port the  cross-girders  by  the  chonls  between  panel  points.  As  previously 
indicated,  the  economic  panel  length  for  the  floor-system  per  se  is  from 
fifteen  to  seventeen  feet,  which  is  too  short  for  the  economics  of  the  trusses, 
hence  longer  panels  than  that  limit  generally  have  to  be  adopted.  For 
a  bridge  uf  practically  any  width  of  roadway,  the  metal  in  the  flooi^eystein 
with  254oot  panels  weighs  about  70  pounds  per  lineal  foot  more  than  that 
requirad  for  the  eoonomio  panel  length,  and  for  ao-foot  panels  about  150 
pounds  per  lineal  foot  more.  Divided  panels  in  spans  of  moderate  length 
permit  the  use  of  the  eoonomie  pand  length,  but  tiie  secondary  truss- 
members  increase  the  weif^t  of  metal  in  trusses  enough,  or  more  than 
enouf^,  to  offset  the  saving  in  the  ftoor-eystem.  Yfhb.  long  spans,  how- 
ever,  this  miecononuc  feature  disappeara. 
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In  timber  tlecks  tlie  oconornic  f?tringer  spacing  is  alxjut  the  siinie  a»s  it 
is  in  plate-girder  sjians;  and  in  concrete  decks  it  is  five  or  six  feet  for  spans 
of  200  feet  or  untier,  and  less  for  longer  spans.  For  instance,  in  s|)ans  of 
400  feet  witli  25-foot  panels  it  is  four  feet,  and  with  35-foot  panels  it  is  four 
and  a  half  feet. 

The  stringerleas  type  of  floor  system  with  concrete  deek  for  very  short 
panels — say  12  feet — shows  the  same  economy  in  truss  spans  as  it  does  in 
half-througli,  plate-girder  spans.  With  truss-spans  of  moderate  length, 
the  panels  are  so  long  that  the  dioitia  would  haye  to  be  built  as  girders  in 
order  to  carry  cross-giiden  between  panel  pointa.  The  flooivqrBtaBi  itadf , 
as  compared  with  that  of  the  stringer  type,  when  the  panels  are  25  or  90 
feet  long  may  show  for  standard  deok-wklths  a  saving  of  from  260  lbs.  to 
860  lbs.,  per  lineal  foot,  while  the  extra  metal  in  the  ehorda  required  to 
make  them  serve  as  i^ers  would  amount  to  260  or  900  Ibe.;  beeideB 
which  there  must  be  taken  into  oonaideration  the  increase  in  weii^t  at 
tru8S4netal  due  to  the  augmented  dead  k)ad  by  reason  of  the  thicker  slab. 
On  this  account  the  stringer  type  will  nearly  always  be  found  cheaper^ 
especially  when  electric  raihra^  are  carried,  ^th  encasement  there 
may  be  an  economic  advantage  in  the  stringeriev  lype^  mpmaSfy  if  a 
yeiy  shallow  floor  be  called  for.  With  extremely  long  pands  it  will  be 
found  cheaper  to  use  stringers  ckise  to  the  truasee  rather  than  to  stiflFen 
the  chords  of  the  latter  enough  to  make  them  able  properiy  to  cany  the 
transverse  loading. 

For  very  long  spans  with  concrete  slabs  it  is  desirable  to  reduce  the 
weic^t  of  deck  to  a  minim^mi.  In  such  cases  it  will  be  most  economic  to 
support  the  slab  on  dosely-epaced  cross-beams  carried  on  stringen  rather 
wid^  spaced— say  10  or  12  feet  centers.  Considering  both  the  wdght 
of  metal  in  the  flom>iystem  and  that  in  the  trusses,  it  is  found  that  the 
economic  spacing  of  the  small  beams  is  about  three  feet  Comparing  this 
with  the  ordinary  type  having  stringers  spaced  four  and  a  half  or  five 
feet,  it  will  be  found  that  the  metal  in  the  cross-beam  type  weighs  about 
three  pounds  more  per  square  foot  for  25-foot  panels  and  about  one  pound 
more  per  square  foot  for  35-foot  panels,  while  the  slab  weighs  ei|^t 
pounds  per  square  fof)t  less.  The  total  deck,  therefore,  weighs  some  five 
pounds  per  square  foot  loss  for  25-foot  panels  and  seven  pounds  per 
square  foot  less  for  35-loot  panels.  Considering  the  extra  weight  of 
tniss-metal  needed  to  support  this  excess  of  dead  load,  and  remembering 
that  the  pound  cost  for  the  cross  beams  is  a  Uttle  less  than  that  for  the 
remainder  of  the  floor-system,  it  has  been  figured  that  the  cross-beam 
type  is  cheaper  with  35-foot  panels  for  spans  in  excess  of  200  feet, 
cheaper  with  30-foot  panels  for  spans  of  350  feet,  and  cheaper  with  25-foot 
panels  for  spans  of  (iOO  foot.  Evidently,  therefore,  there  is  no  economy 
in  ado[)tiiig:  this  \y\)c  for  spans  shorter  than  250  or  300  feet;  but  for  all 
long  spans  it  is  quite  economical. 

This  type  of  floor  affords  a  good  support  for  the  laile^  which  must^ 


Digitized  by  Google 


fiCONOMICB  OF  D£CK8  AND  VLOOBrBTSTElCS  105 


howevor,  be  made  quite  deep.  The  reinforced  slal)  must  be  cut  bark  from 
the  rail  in  order  to  permit  of  the  latter  being  removed.  This  detail  requires 
careful  watching. 

Sidewalks  on  tl iron gh- truss  bridges  arc  usually  placctl  outside  of  the 
trusses  and  carried  on  longitudinal  stringers  supported  by  cantilever 
hrackeUs. 

In  vcry-long-span  bridges,  such  as  cantilever  or  suspension  structures, 
the  matter  of  economy  from  deck  and  floor-system  should  he  very  closely 
studied,  in  order  to  cliniinate  every  unnecessary  pound  of  dead  load. 
Preliminar\'  designs  siiould  be  made  for  various  types  and  for  difFerent 
spacings  of  beiuns  and  stringers,  in  order  to  determine  the  most  economic 
arrangement.  The  question  of  total  weight  of  deck  may  be  far  more 
important  for  such  long-span  structures  than  the  total  weight  of  metal 
in  the  floor.  Timlx-r  decks,  of  course,  will  be  much  cheaiK-r  than  concrete 
decks;  and  the  decision  Ix^tween  the  two  tyix's  nmst  be  made  by  judgment, 
considering  the  nature  of  tiie  traffic,  the  money  available,  the  possible 
revenues,  the  first  cost,  the  cost  of  maintenance,  and  especially  the  danger 
•  from  fii'e.  In  general  it  may  be  said  that  the  concrete  deck  should  be 
adopted  if  sufficient  money  can  l)e  secured,  and,  for  a  toll  bridge,  if  the 
^timated  revenue  justifies  the  expenditure. 

There  is  a  light  type  of  floor  recommended  for  long  spans  by  lulward 
A.  Byrne,  Esq.,  Member  American  Society  Civil  Engineers,  Chief  Engineer 
of  the  Department  of  Plant  and  Structures  of  the  City  of  New  York.  It 
consists  of  stiffened  buckle  plate,  having  the  buckle  down,  covered  with 
plain  concrete,  and  supporting  a  thin  block  pavement.  Concerning  this 
type  Mr.  Byrne  on  June  8, 1920,  wrote  ibe  author  as  foDows: 

Where  buckle  plates  arc  used  to  support  the  roudway  pavement  the  following 
detail  ctf  oooBtruotioa  is  suggested.  TIm  ends  of  all  bucUe  {dates  abould  rest  on  supports 
and  be  property  sptieed.  The  fillets  of  the  bueUe  plates  dioald  be  reinforoed  by  an^es 

— ^"X3"Xl"  anglos  huve  proven  efTectivc  in  buckle  plates  sup]M)rtetl  on  stringers  five 
feet  on  renters.  Hie  plates  should  he  laid  with  the  buckle  down  and  filled  with  I'ort- 
liind  ccniont  eonerete  to  a  depth  of  at  least  three  inches  aliove  the  toj)  of  the  j)!ate. 
Longitudinal  anglea,  3"X3"Xi",  should  be  riveted  to  the  buckle  plates  along  the  line 
of  the  supporting  stringers  to  restrain  the  ooner^  foundation  and  aet  as  a  template  for 
laying  the  concrete.  E&ch  buckle  plate  should  have  a  drain  hole;  and  a  hole  in  the 
concrete,  extending  from  the  top  thereof  to  the  buckle  plate,  should  be  provided.  On 
top  of  the  concrete  foundation  a  wood  block  pavement,  three  inches  in  depth,  should  be 
laid  without  any  cashion,  sand  to  be  spread  over  the  pavement  and  brushed  into  the 
joints.  The  Portland  cement  concrete  should  be  one  part  cement,  two  part«  sand,  and 
four  ports  bivriken  stone  or  Kravel--4he  top  to  be  nibbed  to  a  smooth  fini^  ... 

It  is  highly  important  that,  in  using  a  buckle  plate  floor,  all  deflections  of  platssbe 
aKwiiiii^fjiitj  otherwise  the  eonerete  foundation  will  oraek  and  disintegrate. 

Teste  made  Mr.  Byrne  on  the  floorof  the  Queensboro  Bridge,  where 
the  striDgera  were  spaeed  five  feet  on  centers  and  where  the  buckles  were 
about  four  feet  long,  showed  deflections  of  buckle  plates  as  great  as  three- 
ei^ths  of  an  inch  before  the  stiffening  angles  weare  attached,  but  no 
appreciable  amount  af  tor  they  were  put  on. 
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The  cost  of  the  pavomrnt-piipport  per  se  is  al>out  twice  as  great  for  the 
bucklo-plate  type  as  for  the  ordinaiy  type  with  reinf oroed-concrete  slab, 


ViQ,  21a.  Diagnun  of  Increaae  in  Weight  of  Metal  for  Eadi  Ezoeas  Pomid  ol  BxtnuM- 
0U8,  UnifonDlsr-Distributed  Load  in  Simple-TVuai  Spaas. 


th(?  ditTon'ticc  :it  cuncnl  iniccfl  of  iiiatciials  and  lalK)r  being  about  eighty 
cent«  j)er  jstjuure  foot  of  floor;  but  there  is  a  saving  efTectcd  in  the  deiid 
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knd  by  tlie  tomett  amounting  to  about  eighteen  pounds  per  square  foot. 
For  a  simple  truss  span  of  600  feet»  it  requires  about  0.58  lb.  of  steel  to 
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Fio.  216.   Diagram  of  Increase  in  Weight  of  Metal  for  Each  Excchs  Pound  of  Extrane- 
ous, Unlformly-Distributed  Load  in  Type-A-Gantilever  Bridges. 

carr>'  an  extra  pound  of  cxf  nincous  load;  hrncc,  for  such  a  span,  (lie  oxtni 
metal  to  support  the  tiiglitucn  pounUa  of  cxccsb  dead  load  of  the  floor  would 
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be  about  ton  and  a  half  pounds,  which,  at  the  present  unit  prices  of  mate- 
rial and  labor,  are  worth  in  place  about  84  cents,  allowing  that  to-day  for 
simple-truss  spans  exceeding  600  feet  in  length  it  would  be  eoonomle  to 
adopt  the  buckle-plate  floor. 

As  this  economic  question  » likely  to  arise  at  any  Hand,  and  as  its  sohi- 
tion  is  largely  dependent  upon  the  relative  unit  prices  of  concrete  and 
structural  steel  in  place,  the  author  has  prepared  the  diagrams  shown  in 
Figs.  21o  and  216,  which  indicate  for  simple-truss  and  cantilever  spans, 
respectively,  and  for  both  carbon  steel  and  nickel  steel,  the  amount  of 
extra  metal  that  will  be  required  to  support  one  ejusees  pound  of  extraneous 
load  uniformly  distributed. 

Just  as  the  MS.  of  this  lx)ok  was  about  to  go  to  press,  the  author's 
attention  was  called  to  a  light  aggregate  for  concrete,  tenn(>d  Haydit«, 
being  named  after  its  discoverer,  Mr.  Stephen  Hayde,  a  well-known  citizen 
of  Kansas  City,  Mo.  He  claims  that  concrete  rnatle  of  it  weighs  only  108 
lbs.  per  cubic  foot,  as  against  150  lbs.  per  cu))ic  frM)t  for  ordinary'  1:2:4 
concrete  of  small  broken  stone  or  gravel,  and  that  the  lighter  concrete 
not  only  is  practically  itnptTvious  to  water,  but  also  that  it  gives  some  2^% 
great<T  resistance  to  coni})re.ssion  tlian  its  lieavier  conipi^titor.  If  these 
claims  are  correct,  tliere  .should  he  (juitc  a  demand  for  Haydite  for  the 
bases  of  highway-bridge  fiooi"s,  es|)ecially  as  the  extra  cost  of  the  aggregate^ 
is  moderate.  Mr.  Hayde  and  his  business  as.<ociates  contemi)late  retaining 
the  author  to  make  a  thon)ugli  investigation  of  the  suitability  of  Haydite 
for  pavement  bases  in  bridge  construction  and  to  show  ])y  diagrams  and 
otherwise  the  economies  involved  therel)y.  Until  some  engineer  of 
standing  tests  the  new  aggregate  and  vouclies  in  print  for  its  characteristics, 
the  profession  will  h.ave  to  take  the  discoverer's  claim  cum  grano  salis; 
nevertheless,  the  author  has  gn^at  hope  of  its  being  proved  to  be  all  that  is 
claimed.  If  such  l)e  the  case,  its  use  will  result  in  a  real  boon  to  the  builders 
of  modern,  first-class,  highway  bridges,  especially  those  of  long  span. 
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COMISBAL  BCONOiaCS  OF  DBfilGNING  AND  DBXAIUMO 

In  this  chapter  will  be  treated  only  the  salient  economic  features  of 
ordinar}^  designing;  and  detailing,  because  to  attempt  to  do  more  would 
lengthen  this  portion  of  the  book  beyond  all  rciuson. 

In  all  cast's  it  is  economic  to  choose  the  most  simple  types  of  structures 
and  details,  and  especially  those  that  lead  themselves  best  to  stress 
analysis. 

One  should  select  members  w  liich  h\'  form  and  location  are  host  adapted 
to  resist  forces  economicallj'  anil  to  carry  stresses  by  shortest  routes.  For 
instance,  in  a  long-span  truss  with  parallel  chords,  shear  is  transferred 
entirely  by  the  web  menil)ers;  and  the  path  of  the  web  stresses  is  much 
shorter  by  the  di\'ided-triangular  truss  than  by  the  Pratt  truss,  hence  the 
u.se  of  the  former  is  economical.  But  in  sliort-span  tj-usses  the  verticals 
are  nearly  all  of  mininunn  section,  hence  there  is  l>ut  little,  if  any,  ditference 
in  the  economics  of  the  two  types.  Similarly,  with  polygonal  top  chords, 
the  shear  on  the  webs  being  comparatively  small,  there  is  not  much  to 
choose  between  the  said  two  types. 

In  riveted  tension  members  the  riveting  should  be  arranged  so  as  to 
reduce  to  a  minimum  the  number  of  rivet-holes  to  l)e  taken  out  of  a  section; 
but  if  the  number  iissumed  be  t<M)  .small,  material  will  be  wasted  at  splices 
in  developing  the  net  section,  because  extra  holes  above  the  numl>er  that 
would  normally  be  employed  cannot  l>e  used  at  joints  unless  extra  section  is 
first  developed  into  the  splice-i)lates  or  gusstits.  Furthermore,  the  section 
will  very  likely  be  reducetl  in  detailing,  without  the  fact  being  noted. 
This  will  overstrcss  the  metal  at  such  sections. 

In  compression  meml)ers  the  metal  of  the  section  should  be  arranged  to 
secure  the  largest  practicable  radii  of  gyration  without  involving  the  use 
of  metal  that  by  its  thinness  would  transgress  the  rules  of  standard  speci- 
fications, viz.,  miniamin  Umits  of  one  thirty-second  of  unsupported  width 
for  webs,  and  one  fortieth  thereof  for  cover-plates.  It  is  economic  to 
employ  fairly  heavy  angles,  as  thereby  the  radii  of  gyration  are  increased 
and,  in  consequence,  also  the  strength  of  the  strut.  If  the  unbrace<l  length 
of  the  piece  is  greater  in  one  direction  than  in  the  other,  the  section  should 
be  so  arranged  that  the  values  of  the  ratios  of  length  to  radii  is  of  gyration 
are  approadmately  equal.  For  instance,  in  the  case  of  intersecting  diago- 
nals of  lower  lateral  bracing,  the  unbraced  length  in  one  direction  is  twice 
as  great  as  that  in  the  other.  Then  for  2-angle  sections  unequal-legged 
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ang^les  shoukl  lx»  employctl  with  the  longer  lojrs  vertical;  but  for  4-angle 
sections  it  is  economic  to  make  the  longer  legs  horizontal  and  connect  the 
shorter  legs  Ijy  a  single  line  of  lacing  placed  Ix'tween  tlieni.  For  \ery  long 
struts  it  is  economic  to  employ  four  angles  in  box  section,  connected  by 
four  lines  of  lacing. 

In  light  bridges  the  posts  can  be  mafle  either  of  H  section  or  of  four 
angles  with  eith(>r  a  web  <tr  laciiijz  Ix  tvvj'cn,  rather  than  of  two  charnu-ls: 
laced.  This  arrangf  iiu  nt  saves  considerably  in  weiglit  of  details,  but  s«niie 
of  that  siiving  is  lost  b«  rans<'  of  the  greatci'  sectional  area  required  to  allow 
for  tlie  reduced  rathi  of  gyration. 

For  coiiiprosion  nicinbcis  wliich  carrj'  shear,  there  should  l>e  one  or 
more  wel)s  in  i)lancs  p;n.ill(  1  to  the  siid  siiear.  Such  webs  can  be  eniplcmHi 
to  atl vantage  also  in  simple  struts  of  large  cross-sei-tion.  If  lacing  can  i>e 
omitte<l  thereby,  a  saving  of  metal  may  result.  On  the  other  hnnd,  tlie 
radius  of  g>-rMtion  may  be  reduciil  by  using  such  diaphragms,  thus  lowejiug 
tlie  unit  stresses. 

In  railway,  deck  plate-girders,  as  far  as  weight  of  metal  is  concernetl,  it 
is  economical  to  use  cover  plates  for  top  flanges,  but  this  n'fjuires  rivets  anti 
the  variable  dapping  of  the  ties.  Rivets  increa.^e  the  wo! k  of  placing  and 
maintainirig  the  ties,  and  dcH'p  dapj)ing  is  unde.*<irable.  The  best  niihoatl 
practice  forbids  tl\e  use  of  rivets  through  the  upixT  horizontal  l^s  of  the 
flanire  angles  of  stringei-s  when  timber  deck  is  employed. 

Hattt'U  plates  f<jr  large  conipression  members  must  be  excessively  thick, 
unless  they  be  proi)erly  stilTened  by  amih  s;  and  it  will  generally  l>e  found 
less  exfK'iisive  to  adopt  thin  plates  and  >iilten  them.  I  nh'-ss  con.«ideruble 
metal  be  saved  by  that  exp<'<lient.  however,  it  is  iK'tter  not  to  do  thi.s, 
becau.^e  the  addition  of  .stiffening  angles  in(  reas<*s  materially  the  amount 
and  co.st  of  the  shopwork — bt?sides  it  may  involve  some  diiiiculty  in  lian- 
dling  the  members. 

In  compression  meml>ei-8  consisting  of  two  built  or  rolled  channels,  it 
is  usually  economical  of  metal  to  turn  the  said  channels  in.  However,  tlii.s 
increases  the  cost  of  the  shopwork,  Ixjcausc  lacing-rivets  when  tlie  cliannels 
are  turned  in  usually  cannot  well  l>c  machine  driven. 

In  designing;  a  built  chord  for  a  bridge,  the  sections  must  be  determined 
by  considering  all  panels  of  the  chord  simultaneously.  It  is  wdl  to  adopt 
as  few  differing  thicknesses  of  metal  as  practicable,  and  to  arrange  the 
various  sections  so  as  to  avoi<l,  to  jus  great  an  extent  as  possible,  the  use 
of  filling  plates  at  the  Bplices.  In  field  splicing  the  loss  of  loose  filling 
plates  is  a  cause  of  serious  trouble  and  expense;  hence  they  diould  be 
avoided.  For  the  sake  of  mmplicity,  it  is  frequently  best  to  waste  metal  in 
some  of  the  panels ;  but  such  waste  should  alwajrs  be  reduced  to  a  minimum. 
When  cover  plates  are  employed,  it  is  advisable  to  tmid  changes  in  the 
location  of  the  center  of  gravity  of  the  section. 

In  detailing  one  shoukl  always  endeavor  to  use  metal  to  best  advantage; 
and  the  strength  of  each  detail  or  connection  should  be  figured  whenever 
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thiB  18  pnujtloable.  When  exact  analysis  is  impossible,  an  ample  amount 
of  metal  should  be  used  so  as  to  avoid  any  poaatble  weakness  due  to  such 
anoertainty;  but  tt^  does  not  mean  that  it  is  well  to  be  zeddessly  extrava- 
gant of  metal  in  order  to  save  the  trouble  of  figuring  the  strength. 

It  is  false  economy  of  the  worst  type  to  sldmp  details;  beeatise  the 
saving  in  metal  is  comparativ  ely  small,  and  the  loss  of  strength  may  be 
veo'  great.  It  is  worse  than  usdess  to  adopt  low  unit  stresses  for  the  main 
members  and  put  in  weak  details;  for  the  stress  sheet  then  gives  a  false 
sense  of  security.  It  would  be  much  better  to  have  strong  details  and  high 
working  stresses  in  the 

w*Mn  members. 

Details  and  joints  frequently  defy  exact  analysis;  and  in  such  cases  the 
designer  should  not  faU  to  make  approximate  ana^sea  to  determine  the 
character  and  magnitude  of  stress  in  every  part  so  as  to  avoid  all  possibility 
of  the  existence  of  weak  spots.  It  is  not  unusual  to  see  metal  placed  at  a 
joint  where  it  could  not  possibly  do  any  good,  while  an  important  com- 
ponent part  of  a  member  is  left  unspliced.  A  ten  per  cent  error  in  strength 
onthe^deof  danger  will  rarely  do  any  harm;  but  the  complete  omission  of 
a  vital  part  of  a  detail  may  be  very  serious.  For  instance,  in  the  lateral 
qrstems  of  higliway  bridges,  it  is  not  uncommon  to  see  a  diagonal  of  strong 
section  connected  by  details  so  flimsy  that  they  could  not  possibly  transmit 
one-quarter  of  the  stress  which  the  said  diagonal  is  capable  of  withstand- 
ing. The  metal  in  such  a  lateral  system  is  nearly  aU  wasted. 

As  an  important  matter  of  economy,  rusting  and  otiier  kinds  of  deterio- 
ration should  be  carefully  considered  when  making  designs.  It  is  veiy  un- 
economical to  use  parts  which  will  rust  out  or  wear  out  in  a  small  fraction 
of  the  possible  life  of  the  structure.  Repairs  are  not  only  expensive  per  m, 
but  also  they  generally  interfere  seriously  with  the  traffic.  Some  impor- 
tant railroads  use  A  ^  ®ven  }  inch  as  the  minimum  thickness  of 
metal  in  steel  superstructures;  because  they  find  thin  metal  to  be  one  of  the 
most  fruitful  causes  of  replacement.  The  author,  however,  is  of  the  opin- 
ion that,  if  the  said  companies  were  to  adhere  to  the  f  inch  mininmm 
thickness  and  keep  the  metal  always  properly  painted,  they  would  obtain 
more  satisfactory  results. 

All  parts  should  I)o  easily  accessible  to  the  paint  V)rush;  for  otherwise 
the  painters  \vill  f.iil  to  cover  some  metal  that  is  difficult  to  reach,  thus 
curtailing  the  life  of  the  structure.  A  horisontal  plate  in  a  bottom  chord 
will  frequently  save  metal;  but  it  invites  rusting,  and  therefore  is  sure 
ultimately  to  prove  uneconomical. 

When  there  is  a  choice  of  plates  and  shapes  thai  can  be  used  in  the  make- 
up of  amember,  it  is  sometimes  practicable  to  economize  a  little  by  adopting 
the  most  inexpensive  ones;  but  too  often  it  will  be  found  that  the  more 
expensive  shapes  are  also  the  ones  which  are  the  more  appropriate  and 
aervioeable. 


Digitized  by  Google 


CHAPTER  XXIII 


BOONOMIGB  m  DB8IGN  FOR  SHOP  OONBIDEBATIOMB 

« 

Whua  tbo  oonmUaiig  bridge  engiiieen  of  Annrim  do  not  yet  agree 
entirelj  wiHi  the  engiiieera  of  the  bridge  manufacturing  oompames  conoem- 
ing  aU  pointe  of  design,  the  ideas  of  both  have  of  late  been  gradually  getting 
doser  together.  The  differences  of  opinion  are  general^  in  the  line  of 
eoonomics,  the  shopmen  desiring  to  cheapoi  mA  in  ways  of  which  tha 
oCHisulting  engineers  disapprove. 

Designs  should  be  made  so  as  to  afford  the  bridge  shops  eveqr  facility 
possible  for  using  their  machinery  to  advantage.  For  instanoe,  detaila 
should  be  arranged  for  multiple-punch  spacing,  and  to  suit  the  requinme&ti 
for  bending,  machining,  and  the  various  other  operatioos  which  aie  goiN 
emed  by  the  shop  equipment. 

One  great  bone  of  Gontentiim  in  times  past  was  the  matter  of  8ub-punolk> 
ing  and  reaming  as  against  puncliing  full-size  and  nmning  a  loose  reamer 
through  the  holes  in  the  assfMiiblcd  component  parts,  so  as  to  ensure  the 
possibility  of  the  passage  of  the  hot  rivets.  Even  today  much  work  is  done 
by  the  latter  metliod,  but  it  is  generally  confined  to  parts  of  so-called  minor 
importance.  The  object  of  sub-punching  and  reaming  is  two-fold:  first, 
to  make  the  hol(*s  in  the  component  partes  match  proix»rly  after  the  passage 
throujih  them  of  rigid-iirill  reamers,  and,  second,  to  cut  away  tlic  metal 
aroiiii'l  the  peripherics  of  the  holes  which  was  injured  by  the  l)rutal  process 
of  i)UM('hiniz;.  The  author,  if  he  could  always  have  his  way  in  this  matter, 
would  bar  entirely  the  punching  of  holes  full-size;  and  lie  Ix'heves  the  day 
is  coming  wlien  even  the  sul>-punching  and  rcamiiig  will  be  prohiitited  by 
adopting  the  method  of  solid  drilling.  He  has  jisked  stime  of  the  prominent 
bridge  manufacturei-s  how  much  extra  it  would  cost  to  employ  the  latter 
method,  and  has  been  told  tliat.  if  the  shops  were  properly  outfitted  for  the 
work,  the  excess  cost  :us  compareil  with  sub-punching  and  reaming  would  be 
practically  nil.  For  nickel  steel  and  other  high-alloy  steels  soUd  drilling 
should  be  exclusively  employed. 

In  the  ca,se  of  sheared  edges,  if  the  metal  near  the  shear  is  to  be  depcMided 
on  for  strenp;th,  the  said  edtjes  should  be  planed,  but  otherwise  the  planing 
should  })(>  omitted,  unless  the  raw  edges  would  be  too  nnich  in  evidence  to 
the  beholder  of  the  finished  structure.  It  is  more  than  probable  that  the 
shearing  of  e(lges  is  just  as  destructive  as  the  punching;  for  the  brutality  of 
the  treatment  of  the  metal  in  the  two  cases  is  of  the  same  character  and 
apparently  of  the  same  severity. 
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Wbile  it  is  undoubtedly  difficult  to  procure  a  tigbt  fit  for  etiffeiien  on 
rolled  I-beams,  it  does  not  appear  to  the  author  safe  to  omit  them  at  the 
ends  of  railway  girdera  that  are  supported  from  beneath,  or  even  from  those 
used  for  oanying  heavy  highway  loads  to  the  masoniy,  because  the 
unsupported  webs  are  not  of  a  shape  satisfactorily  to  resist  severe 
pouncUng. 

Although  it  is  true  that  turning  the  flanges  of  channels  in  makes  the 
riveting  somewhat  more  difficult,  it  need  not  prevent  the  use  of  power 
liveterB,  except  in  the  case  of  a  few  fivets;  while  it  facHttates  greatfy  the 
detailing  by  bringing  all  the  wdbs  of  main  truss  members  in  the  same 
plane  for  the  attachment  of  the  gusaet  plates.  Most  of  the  author's  riveted 
bridges  are  built,  in  this  way. 

Again,  it  is  important  to  have  the  batten  plates  inside  of  the  gussets, 
and  to  cany  them  to  near  the  ends  of  the  members,  both  of  which  condi- 
tions the  tumed-in  channets  permit.  Moreover,  they  generally  involve 
an  economy  of  weight  of  metal  for  lacing  and  battens.  But  one  of  the 
most  important  advantages  of  tumed-in  channels  is  that  they  permit  the 
ends  of  tlie  floor-beams  to  fit  closely  to  the  bottom  chords  without  cutting 
either  the  chord  or  the  beam,  which  is  not  practicable  if  the  flanges  of  the 
bottom  chords  turn  out. 

In  viaduct  construction  some  manufacturers  use  their  influence  to  have 
the  girder-depth  the  same  from  end  to  end  of  structure,  which  is  uneconomic 
of  material,  because  the  tower  spans  and  the  intermediate  spans  are  nearly 
always  of  different  lengths,  which  arrangement  would  call  for  different 
depths  unless  metal  is  to  be  wasted.  The  manufacturers'  claim  has  appar- 
ently some  justification  if  the  tops  of  the  columns  are  cut  off  so  as  to  let 
the  main  girders  be  supported  directly  thereon;  but,  in  the  author's  prac- 
tice, the  columns  are  carried  up  to  the  level  of  the  deck,  and  both  the  longi- 
tudinal girders  and  the  tower  cross-girders  abut  into  them ;  hence  there  is 
no  vahd  objection  to  making  the  comparatively-short  longitudinal-girders 
over  the  towers  shallower  than  the  long,  intemicdinte  longitudinal-girders. 
This  layout  rortainlj'  looks  much  better;  and  the  comer  brackets 
afford  excellent  connection  for  the  diagonals  of  the  longitudinal 
bracing. 

If  the  designing  of  details  Ik-  left  to  tlic  iiuunifacturers  of  the  metalwork, 
they  often  place  the  end  or  pedestnl  ])in  of  a  riveted-tniss  span  below  the 
bottom  chord,  forgetting  that  th(>  tlnust  of  a  braked  train,  acting  with  a 
lever  arm  etjual  to  the  vertical  (iistance  b(>tween  the  center  of  the  chord 
and  the  center  of  the  pin,  pnxluces  a  large  lu-nding  moment  that  luus  to 
be  resisted  by  the  stiffness  of  the  bottom  chord  and  that  of  the  inclined 
end  past. 

Wlien  bridge  snperstmctures  are  let  to  the  manufacturers  by  the  lump 
sum  and  they  have  the  designing  to  do,  the}'  like  to  omit  the  end  floor  beams 
of  through  bridges,  sul>stitnte  iiislead  inexpensive  struts,  and  rest  the 
stringers  on  the  mai^oiiiy;  but  the  author  believes  that  invariably  end 
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floor-beams  should  be  employed  and  be  riveted  to  the  end  posts  of  the 
tnisses  80  as  tamake  the  lower  lateral  system  a  haimonious  whole;  and  it 
matters  not  if  the  end  posts  be  inclined. 

Manufacturers  are  willing  to  use  sine^e  angles  in  tension,  but  this  is 
objectionable  because  of  the  violation  of  the  rules  of  eynunetry  and  the  con* 
sequent  causinj;  of  seoondaiy  stresses. 

A  mooted  point  in  designing  is  the  exact  location  of  top-chord  pins. 
The  author  believes  they  should  alwa3rs  be  placed  either  on  or  a  very  little 
below  the  gravity  lines  of  the  sections,  for  it  takes  an  exceedini^y  small 
eccentricity  to  produce  a  high  intensity  of  bending  stress  on  the  chord. 
It  is  not  right  to  assume  that  the  reverse  bending  moment  due  to  the  weight 
of  the  member  between  panel-points  will  entirely  counteract  the  bending 
moment  due  to  the  eccentricity;  because  the  form  taken  under  loading  by 
the  center  line  of  the  long  strut  will  be  a  waved  line  passing  through  the 
centers  of  the  chord  pins,  being  concave  upward  in  one  panel  and  convex 
upward  in  the  adjoining  one.  The  amount  to  lower  the  chord  pins  below 
the  centers  of  gravity  of  the  sections  is  to  be  determined  by  making  the 
compressive  intensity  due  to  eccentricity  equal  to  the  tensional  intensity 
due  to  bending  from  weight  of  member.  In  any  case  this  adjustment  is  a 
matter  of  compromise  on  account  of  the  shifting  of  centers  of  gravity  from 
centers  of  figure  by  reason  of.tho  variation  in  make-up  of  section  from  panel 
to  panel,  the  amount  ordinarily  varying  from  aero  to  a  quarter  or  three-  - 
eighths  of  an  inch.  In  large  bridges,-  of  course,  the  variation  will  be 
greater  than  this. 

Manufacturers  like  to  use  cist  imn  in  bridfjcs  on  account  of  its  com- 
parativo  <lu\ipnc8S  per  pound;  but  on  g^eral  principles  the  author  tries 
to  bar  out  all  cast  iron  from  his  bridges,  fearing  that,  if  it  be  permitted  in 
one  place,  th(^  cnntnictor  will  insist  upon  putting  it  into  anotiier.  Cast 
iron  is  nearly  always  inferior  to  cast  steel  for  any  purpose. 

Tliere  is  an  uneconomic  detail  which  is  too  often  employed  in  both 
trestles  and  (  levated  railroads,  viz.,  the  insertion  of  a  heavy  casting  betwe^ 
the  lower  end  of  a  eoluni?!  and  the  niasonr}\  The  author  has  never  beoa 
able  to  perceive  the  pliilosopiiy  of  this  detail;  for  it  involves  the  planing  of 
a  larpe  amount  of  extra  surface  as  well  as  a  considerable  increase  in  the 
weight  (»f  metal.  Mor(M)ver,  the  a<l<litional  surface^  in  contact  do  not 
milital<-  towards  rigidity,  for  |x»rfect  contact  is  not  always  attained.  The 
object  is  evidently  the  spreadinjj;  of  the  lojid  over  the  inasonr}^;  but  this 
could  be  accomi)lished  just  as  effectively  and  at  less  cost  by  using  a  rolled 
bjuscvplate  of  the  proper  size  and  carrying  the  loa^l  to  it  from  the  column 
section  1)V  means  of  vertical  plates,  horizontal  connecting  anjtles,  and  verti- 
cal stitTeninp  angles.  The  necessity  for  givinj;  the  latter  a  tight  fit  at  their 
lower  ends  requires  some  troiil)lesome  shopwork,  l)ut  tlie  ad<litional  cost 
t  hereof  will  not  offset  the  expense  of  the  extra  amounjt  of  planing  involved 
by  the  casting  detail. 

In  respect  to  the  general  and  detail  principles  of  the  economics  of  shop* 
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work  advocated  by  the  highest  autht)ritios  on  the  manufacture  of  structural 
steel  and  concurred  in  by  the  author,  the  following  may  be  stated.* 

Attention  should  be  paid  by  designers  to  tlie  different  pound  prices  for 
the  various  sections,  and  they  should  remember  that  these  variations  are 
likely  to  change  from  time  to  time.  For  instance,  all  angles  over  6"  and 
all  beams  over  15"  deep  cost  ii  small  amount  al)ove  the  base  price;  and  for 
large  plates  the  cxtnis  increase  witli  the  widths  by  a  rapidly  augmenting 
scalf,  starting  generally  from  100"  with  a  trifling  amount  and  reaching  as 
nuicli  ;is  one  rout  pvr  pound  extra  for  a  width  of  11^0".  It  is,  therefore, 
often  more  ocononiic  to  adopt  the  shallower  of  two  widths  and  use  a  little 
more  metal,  especially  when  the  variation  of  an  inchor  twoof  girdernlepth 
would  change  the  pound  price  of  the  raw  material  in  the  web  j)lat<\s  as 
much  as  a  quarter  of  a  cent.  Large  difTerences  hav(^  f^xistod  ut  times 
tluring  the  pa,st  few  years,  plates  sometimes  being  veiy  expensive  and 
almost  unprocurable. 

In  tlie  design  for  structural  work  for  all  {)urposes,  more  consideration 
should  be  giv<'n  by  the  designer  to  the  sections  which  are  einj>l()yed.  Spe- 
cial material  should  be  avoided,  if  possihK';  sections  varying  by  inch 
should  be  so  combined  as  to  use  one  section  as  far  as  practicable;  and  sj^e- 
cial  sections  in  small  quantities  should  l>c  eliminated  entirely.  Veiy  often 
the  delivery  on  the  contract  is  delayed  because  the  shop  has  to  wait  for  a 
small  (piantity  of  a  special  section  which  is  not  rolled  on  time.  Compli- 
ance with  the  above  will  insure  better  deliverii^s  from  the  mill  and  quicker 
fabrication  in  the  shop;  and  all  parties  concenie<l  will  be  benefited  thereby. 

When  ordering  j^lates,  the  designer  should  adhere  to  standard  dimen- 
sions as  far  :us  possible.  This  can  always  be  done  in  the  case  of  lateral  and 
gusset  plates,  but  a  special  tlepth  may  be  iKM-essary  at  times  foi-  the  webs  of 
stringers  or  girders.  Standard  widths  for  ])lates  are  7,  8,  9,  10,  11,  12,  13, 
14,  15,  16,  18,  20,  24,  30,  30,  and  48  inches. 

Eye-bars,  adjustable  members,  turnbuckles,  screw-threads,  segmental 
rollei-s,  cltivices,  upsets,  etc.,  should  be  designcMl  according  to  the  standards 
of  the  bridge  manufacturers,  because  quicker  deliveries  and  bett<;r  fabrica- 
tion are  obtained  by  the  use  of  standards. 

Designs  should  be  made  so  that  all  extra  or  unnecess.-iry  ofK'rations  in 
the  shop  are  avoided.  This  shouM  apply  particularly  to  lar^e  and  heavy 
members  and  to  small  members  u.sed  in  large  numbers.  The  work  on  these 
pieces  should  be  kept  as  simple  jis  ix)ssible.  When  there  is  an  ext<'nsive 
duplication  of  any  piece,  it  will  pay  in  its  designing  to  save  every  pound  of 
metal  that  can  legitimately  be  omitted. 

Reaming  tp  templets  is  useless  unless  the  t(Mr.plets  can  be  set  from 
finished  surfaces,  as  in  chord  splices,  ends  of  stringers.  flcK3r-l)eam  connec- 
tions, etc.    Reaming  of  laterals  to  templets  is  hable  to  do  more  harm 

•  The  (lata  for  most  of  the  romaindor  of  <]iis  jlini)ttT  wrro  furnished  to  the  author 
in  191.5  for  Chapter  .Wll  (tf  "  Hridpe  I'^ngiueering"  through  Uie  courtesy  of  Messra. 
Full  L.  Wolfel  and  Albert  F.  Kcichuiuim. 
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than  gocxl,  no  finisho<l  surfaces  are  available.  The  same  applies  to  diap- 
onaLs  in  tru.sswork.  \V  liilc  in  a  piiiiched  connection  a  few  holes  may  be 
slifihtly  out,  which  can  l>e  corrected  in  the  fieki,  if  a  connection  is  reamed 
to  templet  and  the  templet  is  not  [)rop(^rly  set,  all  holes  will  Im-  e<iually  out. 
Riveted  trusses  should  be  reamed  and  luatcb-marked  in  the  maker's  shop 
when  asseml)led. 

In  all  |)late  girders  and  truss-l)ridge  strinpers  the  lateral  system  should 
bedropjx^d  so  that  the  rivet  heads  theref)f  will  clear  the  ties. 

Wherever  possihle  in  heavy  work,  avoid,  in  the  construction  of  the 
chords  or  web  meml>ers.  side  plates  or  doubling  up  of  the  web  plates.  It 
will  often  pay  to  use  heavier  web  plates  without  side  plates,  even  if  they 
have  to  be  drilled  from  the  solid.  If,  however,  webs  have  to  be  doubled 
up  or  side  plates  usi'il,  the  stitch  rivets  made  necessarj'  by  this  con.stnic- 
tion  should  \ye  reduced  to  a  reasonable  amount.  If  a  plate  is  used  as  a 
cover  plate  in  a  chortl,  it  is  good  practice  to  hmit  its  thickness  to  Voth 
of  the  distance  between  rivets.  If  the  same  plate  were  used  as  a  side  plat« 
in  a  chord,  in  most  designs  two  or  three  times  as  many  lines  of  rivets 
would  be  called  for  as  would  be  necesvsarj'  by  tlie  above  limits. 

It  is  ch('a])<T  and  Ix'tter  to  use  heavy  flange  angles  in  stringers  than 
lighter  angles  with  cover  plates,  even  if  the  said  angles  should  have  to  be 
drilled  from  the  solid. 

Beveled  cuts  are  to  be  avoided  whenever  possible,  especially  beveled  cuts 
for  angles  that  cannot  be  obtained  by  cutting  multiple  pieces  from  a  long 
piece;  also  beveled  cuts  in  all  beams  and  channels, as  these  have  to  be  sfiwed. 

One  of  the  greatest  savings  in  recent  years  in  bridge  shops  has  been 
made  by  the  use  of  multiple  punches.  Ihrnb  not  only  reduce  the  cost 
of  the  punching  proper,  but  also  save  the  cost  of  making  templets  and  the 
laying  out  of  the  matoiaL  They  further  give  far  saperior  woric;  as  the 
effect  of  the  stretch  of  the  material  during  punching  on  the  aoouracy  ol 
the  work  is  eliminated,  if  these  multiple  punches  are  properly  constructed* 
Their  use,  therefore,  should  be  encouraged  in  eveiy  way.  In  oitkr  to  do 
tiiis,  it  is  necessaiy  to: 

(a)  Keep  all  rivets  in  line  longitudinally. 

(6)  Keep  as  many  rivets  in  line  transversely  as  possible  and  do  iiot  im 
any  more  combinations  of  rivets  transversely  than  necessary. 

(c)  Never  have  the  longitudinal  lines  of  rivets  less  than  21"  apart,  nor 
the  transverse  lines  less  than  1}''. 

.  Do  not  crimp  stiffeners  if  it  can  be  helped,  especially  do  not  crimp 
stiffeners  of  short  lengths,  say  up  to  about  three  feet.  If  stiffeners  are 
crimped  }"  or  more,  the  crimp  is  unsightly;  and  better  and  more  siglitly 
work  will  be  obtained  by  usmg  a  thin  filler  with  a  smaller  crimp.  Do  nofc 
call  for  fillers  or  splice  plates  to  have  a  tight  fit,  as  this  is  impractioable  in 
the  shop.  The  stiffeners,  of  course,  should  have  a  doee  bearing. 

Do  not  call  for  planing  of  the  base,  cap,  sole,  or  masonry  plates,  as  the 
mills  can  roll  the  same  closer  than  they  can  be  planed. 
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The  old  rule  of  sixty  degrees  for  siiigle  laobg  ehcndd  be  sboliBhedy 
because  this  makes  the  lacing  entirely  too  dose  for  narrow  membersi  and 
itisquiteeqMDsiyeandQnsi^itly.  Laeing  bars  should  generally  be  lapped, 
as  this  detail  wiH  save  about  hdlf  the  rivets.  Instead  of  busing  it  is  often 
advisable  to  empikqr  a  solid  web.  This  will  sometimes  peimit  the  use  of 
Slater  main  an^es  by  counting  the  web  as  part  of  the  section,  although  it 
reducea  the  radius  of  gyration  and  consequently  inereases  the  sectional 
area  of  a  comprassioii  member  —  besides,  it  greatly  facilitates  the 
painting. 

All  hand  riveting  should  be  avoided  wherever  possible,  also  all  odd 
itvetang  that  has  to  be  done  either  before  the  work  is  assembled  or  after  a 

piece  is  otherwise  finished. 

In  short  plate-girder-spans  it  is  economic  to  omit  the  bottom  lateral 
system.  Lug  angles  on  laterals  are  expensive — ^it  is  better  to  use  larger 
oonnecting  plates  in  order  to  get  the  requisite  number  of  connecting  rivets. 

In  laying  out  viaducts,  as  many  towers  aa  possiUe  should  be  made 
alike  by  vaiying  the  heights  of  the  peek  stals. 

In  square-girder  spans,  the  number  of  panels  of  bracing  should  be 
even,  but  in  skew-girder  qans  it  should  be  odd.  The  greatest  amount  of 
duplication  in  any  skewnqpan  will  bo  obtained  if  the  floor  is  laid  out  so 
that  the  entire  span  can  be  revolved  around  a  central  point. 

In  pin-connected  work  the  sizes  of  the  pins  should  not  be  varied  more 
than  is  strictly  necessary,  two  or  three  sizes  being  generally  sufficient  for 
one  span.  It  is  not  altogether  a  waste  of  material  to  use  larger  pins  than 
necessary,  as  the  bearing  plates  can  be  reduced  in  thickness  and  often  in 
length. 

It  is  economic  of  shopwork  to  avoid  running  the  top  flanges  of  stringm 
over  the  tops  of  the  cross-girders. 

In  riveted  tension  niemlK-rs  it  is  well  to  use  tie  plates  instead  of  lacing. 
The  former  have  tlie  advantage  of  getting  better  sho])  rivets. 

It  is  not  necessary  that  the  web-plate  of  a  plate  girtler  should  be  in  con- 
tact witii  the  sole  plate,  and  to  make  it  so  is  expensive. 

In  deep  girders  iho  web  thickness  should  not  be  less  than  iVff  of  the 
depth  thereof,  r.s  otherwise  buckling  is  liable  to  occur. 

Wlicrc  webs  are  spliced,  ample  clearance  siiould  be  allowed,  and  tho 
depth  of  the  web  should  be  one-half  inch  less  than  the  distance  from  out 
to  out  of  flange  angles. 

Rounded  corners  in  plate  girders  are  exi)ensive,  but  sometimes  they  are 
reciuired  for  the  scike  of  appearance.  Cambering  of  plate-girders  is  useless 
and  quite  expensive. 

Information  should  be  furnislied  to  the  fabricating  shop,  specifying  the 
end  of  the  structure  which  is  to  be  erected  first,  it  being  very  desirable  to 
fabricate  the  work  in  the  order  of  erection  and  also  to  note  the  direction 
of  long  plate-girders,  so  as  to  buve  turning  them  during  shipment,  at  the 
shop,  or  in  the  held. 
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On  chord  or  coliiiTin  sections  extending  over  two  panels  with  the  same 
depth  of  section,  but  wit  )i  smaller  aiea  required^  the  increased  weight  of  the 
shop  splices  will  tend  t^>  offset  the  increase  in  weight  due  to  making  both 
sections  the  same,  the  big  advantage  in  the  latter  construction,  of  coiirae, 
being  that  the  material  is  continuous  without  tlie  splice. 

Frequently,  on  stringers  and  hght  girders,  the  webs  are  designed  veiy 
fight,  which  necessitiites  the  use  of  many  stiffcners  to  prevent  buckling. 
It  is  often  a  big  advantage  to  thicken  the  web  and  omit  the  stiffcners.  The 
weight  in  either  case  is  alK)ut  the  same,  ns  \\\o  omission  of  the  stiffeneis 
will  partially  otTset  the  increasetl  weight  of  tlie  thicker  web. 

For  chord  sections,  the  employment  of  reinforcing  plates  between 
angles  should  be  avoided  by  using  additional  wel>-plates  the  full  depth  of 
the  chord.  This  desip:n  has  the  atlvantage  of  connecting  more  of  the 
main  material  to  the  flange  aiitrlcs  direct,  and  avoids  tlio  use  of  a  great 
many  rivets  whicii  are  necessary  to  connect  the  n  inforcing  plates  to  webs. 
When  two  wchs  are  rivetrd  tojrcther,  the  rivets  siiould  be  alKHit  12"  from 
center  to  center,  the  edges  of  the  websj  of  couTse,  being  held  together  by 
the  rivets  through  the  flange  angles. 

When  the  specifications  call  for  material  drilled  from  the  solid  on  account 
of  the  use  of  either  alloy  steel  or  very  thick  ordinary  steel,  the  members 
should  be  dc^^i^ned  with  as  few  pieces  as  pijssible.  Instead  of  using 
or  f"  plates,  which  generally  are  of  the  rijiht  thickness  for  punched  work, 
the  material  slutuld  be  ordere<l  as  thick  as  peniiissible  within  the  mill 
requirements,  |)rovi(ied  that  the  strength  of  the  plates  floes  not  drop  below 
the  specihcatiou  stipulations  on  account  of  iubuihcieut  rolling. 

The  preceding  portion  of  this  chapter  applies  specially  to  the  practice 
of  the  consulting  engineer,  although  it  records  the  opinions  of  experts  in  the 
line  of  steel  manufacture;  but  the  following  pert  ains  specially  to  the 
drat  ling  work  in  the  office  of  a  bridge  manufacturing  company.  It.s 
inclusion  is  in  tlie  nature  of  an  afterthought;  and  the  explanation  thereof 
is  as  follows: 

Long  after  the  suppo.sed  finishing  of  the  chaj)ter,  the  author  wiis  being 
shown  througii  the  slu)i)s  of  the  American  l>ridge  Company  at  Ambridge 
by  an  old  friend  of  his,  Mr.  ( M.  (  aiiady,  one  of  the  principal  engineers 
of  that  Company;  and  needing  additional  data  lor  the  chapter  on  "  Kco- 
nomics  of  Shopwork"  he  persurided  that  gentleman  to  promise  to  furnish 
some.  Wh(?n  {\w.  notes  came  to  hand,  it  appeared  that  Mr.  ( "anady  had 
confined  his  remarks  entirely  to  the  economics  of  d<'.,i(jn  as  pra(;ticed  in  the 
Company's  drafting  office.  As  the  said  notes  are  of  ^reat  value,  and  as 
they  supplement  and,  in  many  ways,  endorse  the  statements  herein  which 
precede,  the  author  decidwl  at  once  to  include  them  in  tins  place;  and  they 
are,  consequently,  given  practically  verbatim. 
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Principles  of  Economics  in  Bridge  Design  for  Shop  Considerations 

^In  the  foUowiiig  notes  retative  to  the  EoooomioB  in  the  Design  of 
Bridges  for  Shop  CaotadmiioDB,  the  Drawing  Room  attached  to  the 
Fabricating  Shop  has  been  considered  as  a  component  and  doeely  related 
part  ol  the  said  diop;  and  poants  that  facilitate  tiie  execution  of  shop  draw- 
ings have  been  included. 

"  In  the  preparations  of  a  bridge  design  fora  given  location,  making 
qians  duplicate  instead  of  different  lengths  has  not,  in  the  writer's  opinion, 
been  given  quite  the  attention  it  deserves.  Such  duplication  always  means 
decreased  cost  of  drawings  and  shop  work,  and  may  mean  also  the  adop- 
tion of  a  special  fabrication  programme  for  that  oontract,  whi^  would 
further  reduce  costs. 

"  For  the  aaiiie  reason  the  design  should  lend  itself  to  the  maximum 
amount  of  duplication  in  the  details.  To  this  end  small  differences  in  the 
cross^section  of  main  members  should  be  shunned.  The  avoidance  of 
light  and  heavy  trusses,  on  account  of  a  sidewalk  on  one  side  only,  is  a  case 
in  point.  This,  however,  is  more  applicable  to  light  work  and  to  where  the 
sidewalk  load  is  comparatively  smuiH.  Otherwise,  where  there  is  a  mate- 
ri|d  saving  in  weight  by  using  light  and  heav>'  trusses,  the  difference  can 
generally  be  sccomplidied  by  increasing  ihr  tiiickness  of  comtK)nent  parts 
of  the  various  sections  without  cliaiiKing  the  dimensions  of  the  sections 
themselves,  thus  preserving  thi^  dupHcation  of  spacing  and  the  details  for 
the  two  trusses,  as  well  as  those  for  the  lateral-system  oonneetions. 

"  Under  modem  mill  and  shop  conditions  it  is  economical  to  build 
bridges  with  longer  panels  than  formerly  used.  Longer  pands  mean  fewer 
joints  and  fewer  separate  parts,  with  consequent  decrease  in  shop  and 
drawing-room  costs. 

"  If  members  can  be  made  symmetrical  about  a  point  midway  between 
the  ends,  it  counts  for  economy  in  the  preparation  of  drawings  and  tem|dets. 

"  Often  spans  have  l)een  designed  with  a  small  skew  where  a  nominal 
increase  in  length,  due  io  making  the  span  square,  would  have  meant  a 
decided  saving  in  tho  (•f)st  of  the  stnicture  a.s  a  whole. 

"  In  the  design  of  a  dcck-jrirder  britlge,  if  t  he  span  is  square,  it  is  econom- 
ical to  arrange  the  lateral  system  with  an  even  numl>er  of  panels,  so  that 
the  girder  can  be  made  symmetrical  about  tlic  center. 

*'  If  the  span  is  skewed,  use  an  odd  iumil)er  of  panels,  so  that  the  girders 
can  be  made  ahke  arul  their  jK)sition  in  tlie  span  reversed.  Stringers  with- 
out cover  plates  should  have  an  (3<i(l  number  of  ])anels  of  laterals.  They  will 
then  have  the  same  ptmching  in  llie  top  flanges  and  l)e  matle  alike  for 
tuniing  end  for  end,  instead  of  different,  as  they  would  be  if  an  even  number 
of  panels  were  used, 

"  Some  Consultiii*;  Engineers  iwul  ocfiu^ionally  even  the  designing  offices 
of  the  Bridge  Companies  are  prone  to  make  their  designs  so  complete  as 
to  be  ahnost  shop  drawings.   This  does  not  make  for  economy,  either  in 
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tlir  preparation  of  the  design  or  in  the  work  of  the  drawing  room.  Even 
wiiere  con.sideral)le  freedom  is  allowed  in  the  wa}'  of  modifications  to  suit 
the  standard  methocls,  details,  and  equipment  of  the  particular  shop  dr)ing 
the  work,  the  fact  that  such  ruxlifications  nuist  he  arranged  for  with  the 
Engineer,  as  well  as  their  actual  accomplishment,  involves  a  certain  delay 
and  slowing  down  in  getting  the  work  under  way  in  the  drawing  room. 
The  engineers  thereof  nuist  necessarily  make  coniy)lete  investigation  of 
the  geometry,  fits,  etc.,  including  the  requisite  number  of  large-scale  lay- 
outs, independent  of  the  c()Tii])l('tcness  of  the  design.  The  manufactun^r  is 
always  (aiul  ])n)perly  so)  held  ri  sponsihle  for  the  correct  fit  of  th.^  steelwork. 
The  Engineer's  preference  for  certain  types  of  details,  or  det..ils  that  are 
required  by  the  conditions  of  erection,  should,  of  course,  be  indicated  as  a 
part  of  the  design. 

"The  .spacing  and  arrangement  of  rivets  should  not  be  fixed;  for  the 
limitations  of  the  sjK'cifications  as  to  the  maxinuwn  and  mininumi  spacing 
ought  to  l)e  sufficient.  The  designer  should  always  keep  in  mind  that 
modern  bridge  shops  are  equi{)ped  with  multiple  punches  and  various 
spacing  devices,  and  that  contract  prices  are  l)as(>d  upon  the  largest  possible 
use  of  such  machines.  Erection  difficulties  and  impo!<sibilities  are  often 
incoriM)rated  in  such  complete  designs,  whidi  ol)jectiona))le  features  nmst 
be  'ironed  out'  by  the  engineer  res|X)nsil)le  for  the  shop  drawings  Ix'fore 
the  detailing  can  go  aliead.  He  has  as  his  particular  field  the  following 
duties: 

"1.  To  make  details  for  carr>dng  out  the  BpecificatioDS  and  properly 
develoi)iiig  tlie  strength  of  the  parts  connected. 

"2.  To  detail  so  that  the  shop  can  fabricate  most  economically. 

"3.  To  detail  so  that  the  erection  methods  and  the  equipment 
determined  upon  for  the  particular  bridge  shall  be  not  only 
possible  but  economical  as  well.  The  sequence  in  the  placing 
of  the  different  members  must  be  taken  account  of  throughout 
the  entue  detailing. 

"  The  engineer  at  the  plant,  versed  in  the  preparation  of  shop  drawings, 
is  both  by  experience  and  environment  the  best  qualified  man  to  meet 
these  three  necessities.  In  fact,  the  last  two  are  never  possible  of  final 
solution  until  after  the  contract  has  been  signed  and  the  work  is  being 
developed  in  the  shop  drawing  room. 

"  It  is,  of  course,  conceded  that,  for  unusual  or  monumental  structures, 
the  makeup  of  the  details  is  so  interwoven  with  the  g^eral  design  that 
the  development  of  the  two  must  proceed  together.  Even  in  such  cases 
it  is  nearly  always  neoessaiy  for  the  best  results  that  modifications  be  made 
as  the  work  progresses  in  the  drawing  room. 

"  The  correctness  of  the  foregoing  statements  has  been  proved,  by  the 
actual  experience  of  our  Shop  Engineers  covering  then:  work  reaching  over  a 
period  of  the  past  twenty  years.  We  are  now  so  well  fortified  with  examples 
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of  the  best  ponetioe  for  different  types  of  bridges  that  there  is  no  great 
difficulty  in  realising  the  true  intent  of  the  dengn  in  the  study  of  the 
stnioture  that  must  be  made  in  the  duxp  drawing  room.  It  would  seem  to 
bewiseeoononiyonthepartof  thedwBgningfliiginiwrtotalrefuH 
cC  these  laots. 

"  For  full-punohed  work,*  with  splices  in  chords  lesmed  to  fit»  it  is  im- 
portant that  the  design  shoiddpcovide  for  the  next  larger  siwd  rivet  in  the 
named  sptioes.  This  saves  in  the  shop  one  handling  of  all  the  main  parts, 
because  one  sise  of  punched  holes  will  answer  for  both  reamed  and  unreamed 
holes.  If,  for  instance,  }"  rivets  are  being  generally  used,  and  allowance 
is  not  made  in  the  des'gn  for  larger  punching  than  W't  ^  ^  necessary  to 
punch  )f"l^olesu^^1^>ody<if^  member  and  lefaaodlB  all  the  long  main 
parts  in  order  to  punch  a  smallw-eiaed  hole  (say  diameter)  at  the  ends 
where  the  splice  is  to  be  reamed  for  fit  If  aUowance  is  made  in  the  design 
for  1^"  holee,  the  punching  throui^out  will  be  and  the  q)liceB  wiU 
then  be  reamed  out  to  1^",  thus  saving  the  extra  handling  at  the  puncL 

"  In  heavy,  reamed  gtrder-work  where  several  cover  plates,  side  plates, 
and  heavy  flange-angles  are  used,  the  size  of  the  sub-punched  holes  should 
be  not  less  than  diameter.  It  is  difficult  and  expensive  to  fit  up  bu<^ 
work  where,  because  of  the  size  of  sub-punched  holes,  smaller  fitting-up 
bolts  are  necessary.  This  is  because  of  the  great  difficulty  in  properly 
pulling  together  such  heavy  parts  and  so  many  of  them  with  |"  fittin}z;-up 
bolts.  For  work  not  properly  brought  together  in  fitting,  the  riveting  is 
expensive  and  apt  to  be  imperfect. 

"  It  almost  goes  without  saying  that  Forge,  and  Machine  Shop  work 
should  be  kept  at  a  minimum.  Bending  of  long  pieces  is  particularly 
undesirable,  because^  when  a  long  angle,  for  instance,  is  to  l)e  bent,  the 
operation  of  heating  and  bending  disorganizes  and  interferes  with  all 
the  acUacent  operations  in  the  shop.  Making  a  bend  at  each  end  of 
a  long  angle,  channel,  or  beam  is  not  only  quite  expensive,  but  next  to 
impossible  to  do,  because  of  the  extreme  difliculty  in  wn^infninmg  the 
correct  measurement  between  bends. 

"  Curving  ends  of  girders  is  a  eonsiderable  item  of  extra  shop  expense. 
It  adds  to  the  cost  of  dnuvinjrs,  teni|)lcti3,  laying  out,  punching,  assem- 
bling, and  rivetin^r,  in  addition  to  the  extra  eost  of  l>ending  the  end  angles. 
In  fact,  it  is  doubtful  if  the  aesthetic  vahie  is  enhanced  at  all  in  proportion 
to  the  increased  price  which  the  buyer  must  pay.  However,  where  it  is 
decided  to  use  'round  ends,'  the  exact  radius  of  the  cur\'e  should  be  left 
to  the  shop  detailer,  so  th;it  standard  bending  fonns  may  be  used. 

"  Staggered  riveting  invite,s  shop  errors  and  slows  down  the  work.  Pref- 
erence shoidd  be  given  t^  rivets  plaeed  opposite  or  in  single  rows,  where 
the  necessities  of  design  do  not  require  that  they  he  staggered.  The 
different  members  of  a  span  should  be  designed,  as  far  as  possible,  to  allow 


*  The  author  is  opposed,  on  general  piincipleB,  to  punching  any  rivet  bdes  full  site. 
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the  use  of  power  rivetera.  ThuiseBpeciaUy  applicable  to  box  aeetioiiB  with 
the  flanges  of  chaimelB  turned  in. .  In  general,  the  clear  diwtanoe  in  such 
casee  should  be  not  less  than  6)"  or  6". 

"  Avoid  sections  calling  for  the  use  of  avariety  of  sisesof  shop  aod  field 
rivets  in  the  same  span  or  structure. 

"  For  narrow,  'I'Hshi^Md  sections,  preference  should  be  given  to  four 
anf^es  with  a  web  plate  instead  of  four  angles  laced.  Often  for  such  narrow 
sections  the  latticed  type  accomplishes  veiy  little  or  no  saving  in  wei^t» 
and  the  shop  expense  is  greater  and  the  result  is  less  desiiaMe  from  a 
maintenance  standpdnt,  as  compared  with  the  plate-a22d^our«iifl^ 
section. 

''Quite  often  a  Htnall  increase  in  ihe  thickness  of  stringer  webe  will 
eliminate  the  necessity  for  the  use  of  stiffcnere. 

"  Designers  very  often  do  not  make  enough  allowance  between  gross  and 
net  section  for  the  proper  maintonaiicr  of  Ww  latter  and  at  the  same  time 
for  the  preservation  of  rational  details  at  the  critical  points.  For 
instance,  according  to  the  1920  [^)ecifications  of  tlie  American  Kailway 
Engineering  Association,  if  only  one  I"  rivet  hole  is  allowed  out  of  an 
angle,  Uie  stagger  must  he  four  indies;  and  other  specifications  have  been 
more  stringent.  If  the  piece  happens  to  be  a  ()"  >  4"  angle  with  two  rows 
of  rivets  in  the  six-inch  leg,  thedetailer  is  in  tiouhle  at  once  with  the  loca- 
tion of  rivets  in  the  four-inch  log  adjacent  to  the  critical  section.  He  is 
often  compelled  to  jiivo  it  up  and  encroach  on  net  section  after  he  has 
wasted  a  lot  of  valual)lc  time  in  trjmj?  to  meet  the  conditions.  Any  angle 
with  puncliin^  in  bot  h  legs,  used  in  tension,  should  have  two  livet  holes 
detluctcii  from  the  gross  section. 

"In  plate-pirdrr  work,  fillci-s  under  stiffeneranples  should  not  l)e  refpiired 
to  fit  ti^lit  against  flanp's.  The  overrun  in  widtli  of  flanpe  angles,  often 
varying  for  1)ie  ditTerent  angles  ofi  a  single  girder,  means  tlie  re-enf  f  ing  and 
fitting  of  fillers  to  suit.  This  results  in  a  slowing  down  and  an  increased 
cost  in  the  \v<nk  of  fitting  uj)  the  ginler  for  riveting.  A  clearance  of  at 
least  I"  should  he  ju'ruiitted  at  each  end  of  filler. 

"  All  uiHHM-essarv  hevel  cuts  on  the  ends  of  long  angles,  {)Iates,  or  otlier 
shapes  should  he  dispensed  with.  The.^e  are  much  more  exj)ensive  to 
mak(>  on  long  pieces  than  on  small  <letail  part>.  It  seems  soniewhal  absurd 
eaiefully  to  cut  the  end  of  an  angle  to  hevel.  for  the  sake  of  apjx^arance, 
when  it  is  not  exposed  to  view  in  tiu'  finishe*!  structure.  Inde<Mh  the 
aesthetic  value  of  such  Ix-vel  cuts  is  very  much  in  question,  except  where  a 
projecting  corner  is  exposed  to  the  skyline. 

"The  ends  of  columns  for  viaduct-  or  otlier  structures  resting  on 
masonry  can  (iften  1)(^  made  less  ex]>ensive  in  both  weight  and  worknum- 
ship  by  using  thicker  base  plates  and  oim't ting  vertical  stiffening  angles 
with  their  extensive  arrangement  of  wiug-platos  that  are  intended  to  help 
in  the  distribution  of  the  load. 

**  Finally,  and  in  general,  the  designer  should  give  the  most  careful  atten- 
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tion  to  the  coordination  of  the  different  parts  of  his  design,  so  that  it  ean 
be  detailed  in  the  ampleet  and  most  natural  manner  with  the  eliiiuiiation, 
as  far  as  poB8ible»  of  eumbersome  or  complicated  joints  and  oonneetkma. 

In  determining  the  makeup  of  the  different  sections,  the  detailing  possibili- 
ties should  be  given  much  weight,  for  quite  frequently  they  are  the  deter- 
mming  faetor," 


« 
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CHAPTER  XXIV 

XOONOMIGB  IN  DESIGN  VOS  £a£CTION  CONSIDEBA.TIONS 

The  tyro  in  bridge  designing,  no  matter  how  profound  may  \ie  his 
theoretical  knowledge,  often  falls  down  very  hard  until  he  Iuls  learned 
through  sjid  exp(*ri<'ri(  e  that  tin*  erectoi-s  of  stnictural  sie<*hvork  have  cer- 
tain standard  ri^juirements  which  ;//)/,s/  be  ol)S4Tve<l.  If  they  V>c  ignoretl, 
the  work  is  often  seriously  delayed;  and,  ai^  delays  in  the  field  are  exceed- 
ingly expensive,  the  matter  (tf  making  the  designs  mi  tliat  all  the  metal 
will  go  together  easily  and  expeditiously  involves  engineering  economics  of 
great  imp<jrtance. 

The  failure  to  furnish  sufficient  clearance  is  generally  the  tyro's  first 
ofTense — and  it  certainly  is  a  serious  f)ne.  If  the  designer  who  conunits 
this  blunder  could  hear  what  the  bridge  erectors  say  about  him,  his  ears 
would  certainly  tingle. 

Mr.  Wolfel's  general  instructions  concerning  debigiimg  to  meet  field 
requirements  are  as  follows: 

(1)  Allow  ample  clearance  for  all  entering  cunnertions. 

{2}  Provide  erection  shelves  for  girders  and  beams,  particularly  when  they  frame 
oRMiite  «Mh  OtW. 

9)  Bbve  an  livettng  amoged  in  such  a  way  that  it  can  follow  the  enetioik  at  the 
work.   Rivetuig  riwuld  never  be  aDowed  to  interfere  with  the  raieing  and  placing  of 

the  steel. 

(4 ;  He  sure  that  croes  frames  in  deck  bridges  can  be  swung  in  place  without  spread- 
ing the  girders. 

(5)  Be  caiefid  in  throi^li  phte-girden  to  amnge  the  atifrenm  lo  that  the  floor- 
beams  and  stringere  can  he  put  in  place  with  the  girden  in  their  final  fx>sition. 

(6)  AnanflB  the  riveting  around  tiie  ends  of  the  Rpans  so  that  thv  rivets  can  he 

,  j->  ,   driven  with  the  steel  in  the  final  \x)»i- 

"Tfi      ^  ►  1^ )         tion.    It  slunild  never  be  necessary  to 

I  I  jack  up  spans  to  drive  rivete. 

II  (7)  In  troui^  floofwock^  espedaUy 
f,  J  i  J  where  the  under  clearance  is  small, 
gn^Baj^M^           B^^^jflsB         arrange  the  fh'sijni  so  that  nil  ficM  rivets 

can  betiriveii  from  the  top,  as  in  I'ig.2ta. 
Fio.  24a.    Trough-Floor  Constructiom  for      (8)  W  hilc  it  Ims  been  cust«mar>'  to 
Baqr  Fidd  Rivethig.  call  for  26  per  oent  eawsM  for  all  field 

riv«ta»  10  per  oent  eneii  ifaoidd  be 
■affident,  if  the  rivete  are  driven  with  air  hammen. 

On  this  subject  Mr.  Reichmann  has  written  thus: 

The  designer  should  always  remember  to  allow  plenty  of  clearance  at  the  ends  of 
sheared  members  so  as  to  take  up  variatioos  of  shopworic  One-half  indi  deaianoe  is 
flooaidend  a  "*fa*8mMm  for  sheared  ends.  For  entering  copnectinns,  plenty  of  deanmee 
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should  be  allowed,  as  a  great  many  of  the  diflSculties  in  erection  are  due  to  lack  of 
clonranro;  hwides,  giving  reasonaViU;  cloaranre  will  permit  of  more  rapid  ahopwoik  and 
the  avoidance  of  many  errors  in  tlie  field  due  to  inaccuraciea  thereof. 

It  is  often  advisable  to  provide,  in  addition  to  the  usual  allowance  for  expansion,  a 
■man  amount  for  ereeting  the  motal,  duo  to  wliat  is  eaUed  the  ''growth  ol  etoel/'  For 
viaducta  such  adjustment  ahould  be  provided  about  every  400  feet;  and  similarly  for 
mill-building  work  it  is  necessary  to  eopgider  effects  of  adjustment,  even  if  it  i«  derided 
not  to  take  rare  of  exi):insion,  while  in  other  struoturee  the  joints  lor  expansion  will  also 
serve  the  purpose  of  adjustment. 

The  ngpaneion  points  for  stringers  or  elevated  nflRMdpgMsn,  where  pookete  are 
modi  fftmftiwMM  bave  not  fwwifc  epaee  iMJ*i«Mi  the  sod  stiflteners  of  the  eipansioo 
girden  to  allow  for  the  ineertion  of  rivets  throoi^  the  end  oonneotions  of  the  fixed 
frirders.  It  should  be  remotuhfnMl  that  the  expansion  stringers  and  the  fixed-end 
strinners  are  erected  Ix'fon*  the  rivets  in  tlic  connection  of  the  fixinl  stringers  are  driven. 

\\  hen  culumnti  are  act  to  stone  bolts,  which  have  been  imbedded  in  masonry,  the 
holes  should  be  I'' or  r' kiger  than  the  diaawter  of  the  bdt»  so  ae  to  provide  adjiM^^ 
to  take  ears  of  the  inaoeundes  in  setting  the  bolts  in  the  eansrste, 

A  common  mistake  in  design  is  to  proportion  the  members  with  too  small  a  widtii, 
causing  considerable  trouble  in  packing  the  i)ins  and  in  making  room  for  the  verticals, 
pin  plates,  etc.  Another  bad  feature  of  narrow  chords  is  that  practically  all  rivets 
around  the  connections  must  be  oountermmk  because  of  doee  space,  and  the  ends 
of  the  posts  must  be  cut  away  for  dearance,  thereby  weafcenmg  the  said  ends.  By 
adoptmg  chords  of  laiger  widths  muoh  better  detaib  ean  be  used  around  the  pme  at 
panel-{K)ints. 

When  two  or  more  truss  spans  are  identical,  or  when  they  are  similar  and  have 
the  same  held  connections,  the  field  holra  should  be  reamed  to  an  icon  templet,  in  place  of 
reaming  them  while  the  members  are  ■sscimbled.  This  will  facilitate  the  ddirery  (tf  the 
work,  and  wHl  make  identical  members  thnra^bout  the  stniefeure  hitenhangeable. 
The  advantages  in  the  field  are  evident,  km  time  being  spent  in  sorting  and  finding 
material. 

In  the  designing  of  details  extreme  care  should  be  exercised  in  arranging  all  joints 
and  connections,  so  that  the  work  cannot  only  be  built  at  the  shop  for  the  least  cost 
in  labor  and  material,  but  also  that  it  may  be  erected  moot  econonrieal^  and  with  a 
minimum  of  risk.  In  the  case  of  bridgework,  all  connections  should  be  so  detailed 
^hf^  qnfflif  can  be  eonneeted  made  Biilf'BUB*ft****"g  and  safe  in  the  shortest  pomihlo 
time. 

Unless  for  special  reasons,  it  is  usually  customary  to  t>egin  the  erection  of  pin- 
eonaeeted  spans  at  the  eenter  panel,  ae  this  piipel  has  adjustable  msnliers  and  the 
hiseiiii  ean  be  equared  up  there  before  proiwerUug.  Hie  detafls  diould,  thereCore^  be 
so  arranged  that  the  center  panel  can  be  completed  and  made  s(>lf-sustaining  before  the 
traveler  is  moved  to  the  nrxt  jiancl.  It  is  the  \isual  <'ustoin  for  the  erection  to  pro- 
ceed from  the  ronter  panel  toward  the  tixctl  end,  and  after  this  half  of  the  span  is  erected, 
to  proceed  toward  the  roller  end.  Top  chord  sections  in  any  particular  panel  are  put 
in  plaee  after  the  posts  and  ban  are  erected;  and  it  is  especially  deebaUe  in  heavy 
woric  tiukt  the  details  be  so  arranged  that  these  chord  seetions  can  be  lifted  above  the 
posts  and  set  directly  in  place  without  being  moved  on  end  or  sideways.  Therefore, 
plates  connecting  two  adjoining  chord  sections  in  heavy  work  slioukl  always  be  shiiq^ 
loose. 

Wherever  poesiUe,  In  all  trum  spans  the  floor  eeonsetiana  should  be  so  arranged 
that  the  floor  system  ean  be  put  in  place  either  before  or  after  the  fnissiii  have  been 
erected  in  their  final  position.  It  is  usually  customary,  where  local  eonditions  will 
permit,  to  put  the  floor  system  in  j)lace  first  and  erect  the  trusses  afterward.  This 
method  of  procedun-  hiis  a  great  many  advatifages  over  that  of  raising  the  tnisses  first, 
vis.:  there  is  a  large  saving  in  falsework,  as  longer  panels  can  be  used,  i)uttiug  bents 
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directly  under  the  panel-ix)inta  and  \i8in(;  the  new  floor  system  for  carrying  tmffir  and 
for  running  out  material  for  the  trusses;  it  permits  the  posts  to  be  bolted  to  the  floor- 
beams  and  released  from  the  tackles  on  the  travelers;  it  fixes  the  exact  position  of  the 
riwM  on  llw  i^m  t»  tlal  v»  <MHi  pratnod  ivMi  IIm 

Urn  find  or  the  idkr  and,  m  ne  bhij  pvefcr;  it  has  the  MlvMita^B  of  giving  move 

OfipQCtUldigr  te  Jaddng  up  the  ^muis  in  Otdv  to  secure  proper  camber;  and  it  roquiers 
ft  minimum  amount  of  l)l(>rking.  There  are  other  features  which  mulfT  it  ilfsir;ilil»>, 
where  possible,  to  erect  the  tUxjv  system  in  advance  of  the  tniKst*s.  Over  dangerous 
streams,  however,  where  there  is  a  poasibihty  of  loss  during  the  erection,  it  is  some- 
timm  demble  to  ereet  the  tnMne  (int,  oo  ee  to  hm  aa  Httfo  metemi  on  the  (ake- 
noik  ae  practicable  and  thus  minimise  the  amomit  eodangered.  TiMve  are  alao  aome 
times  certain  local  conditions  which  make  it  imperative  that  the  trusses  be  erected 
first;  and,  thcn'fore,  it  is  important,  whorovor  possible,  that  details  be  so  arranged 
that  either  method  caa  be  used.  In  the  erection  of  through,  riveted,  lattice  spans,  it 
is  customaiy  to  plaoe  the  floor  tiytUtax  fint^  then  to  put  the  loirar  diords  in  poaitioii, 
aet  up  the  web  members,  and  put  the  top  chorda  on  laat.  Therefore,  it  is  more  advan- 
'tageous  to  have  the  guaaet^plates  connecting  the  web  members  with  top  chord  riveted 
to  the  top  chord  sections  rather  than  to  posts  or  diagonals,  as  the  rivets  in  pisset- 
plates  connecting  top  chords  with  web  meuxbers  are  more  easily  driven  in  the  web 
members  than  in  the  top  cliurd  sections. 

In  the  eaae  of  thrmigh  pbte-girderi,  the  deftaOa  of  the  floor  qratem  ahoiild  be 
80  anranged  thai  the  etringerB  and  floof^Mama  oaa  be  put  in  plao^  penel  fay  panel, 
without  the  necessity  of  spreading  the  main  girders.  Particularly  is  this  the  case  in 
"Rolling  Lift  Bridges,"  which,  in  the  majority  of  cjvses,  have  to  be  erected  in  an  upright 
position,  and  where  it  is  extremely  dangerous  and  practically  an  impossible  operation 
to  apread  the  trusses  in  order  to  put  in  place  the  floor  system. 

Top  diord  eeetaone  with  half  pin-holea,  ha-ving  a  hinge-plate  on  eaehaeelian,  am 
undcaliiilili  Wlien  half  pinJioles  are  used,  if  possible  put  a  hinge-fdate  on  one  sec- 
tion only  and  make  it  long  enough  to  rivet  or  Inilt  to  the  adjoiniiiq  section  when  in 
place.  Hinee-r>Iat(*s  should  be  arran^red  so  as  to  pive  two  full  pin-holes  in  center  chord 
sections,  and  should  be  put  on  the  ends  farthest  from  the  center  on  the  other  sections, 
esoept  hi  qpedal  eaaea  when  it  ia  neoemaiy  to  eonmenee  raising  spana  fkom  the  end 
laatead  of  Ihe  canter. 

Entering  connections  are  usually  the  most  difficult  and  expensive  to  make;  and 
where  at  all  possible,  entering  connections  of  any  character  should  be  avoided,  but 
where  they  must  be  used,  particular  attention  should  be  given  to  insure  neci's«ar>' 
dearanoes.  An  entering  connection  is  not  only  an  expensive  and  dangerous  operation, 
but  in  a  great  many  caaaa  it  cannot  be  aooompliriied  on  aeeount  of  the  interference 
with  back  walls,  adjoining  spana,  etc 

It  is  of  the  iTreatest  importance  to  allow  ample  cleamnee  where  members  are 
packed  inside  of  chords,  posts,  etc.,  as  lack  of  proper  clearance  causes  much  trouble 
and  expense,  not  only  augmenting  the  cost  of  erection  by  increasing  the  time  required 
for  maldng  the  span  safe,  bat  adding  materially  to  the  fielc.  In  patting  hi  tia4ian 
and  diagonah,  it  is  customary  to  oonneot  them  on  the  bottom  chord  pins  firat,  and  then 
swing  them  into  the  chords  and  porta  around  the  lower  pins  as  a  center.  All  rivet 
heads  coming  in  the  path  of  bars  swung  in  this  way  shouUl  l>e  cleared.  Too  much 
attention  cannot  be  (/iveii  to  this  matter  of  proper  clearance.  Particularly  is  this  the 
case  in  through  and  deck  riveted  lattice  s{>aus,  which  are  being  erected  now  more  than 
ever  before  with  the  uee  of  a  deniek  oar  with  one  boom;  and  the  appUancea  for  pall- 
ing tii^t-fitting  membera  into  place  are  not  ahmya  preaent,  aa  was  the  case  formerly 
when  these  spans  were  erected  by  a  gantrj'  traveler.  For  adjustable  rods  packed  close 
together,  the  sleeve  nuts  should  l>e  staggered.  Attention  shouUl  l>e  given  to  the  field 
connections  so  that  enougli  space  is  allowed  around  all  field  rivets  to  enable  them  to 
be  diiven. 
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All  lateral  hraring,  hitch  plntos,  rivet  heads  in  Itttanll^  fto.,  should  be  kept  enough 

Jx^low  the  U'vcl  (»f  tlu"  top  chords  of  pirders,  strinfrcra,  etc.,  so  that  the  ties  when  in 
place  will  not  foul  them,  it  being  an  expeusive  operation  to  notch  ties  to  clear  such 
obstructions. 

Whara  ktenli  aad  httflh  plstai  do  not  intarfcn  irith  fho  losding  of  girdexB,  and 
are  not  of  muh  character  as  will  allow  them  to  be  easily  brokea  off,  thegr  should  be 
riveted  to  the  eud  giidan;  otborwiee  thqr  dioold  be  sh^iiied  kMie  or  riveted  to  tlie 

braces. 

Particular  attention  should  be  given  to  the  question  of  field  riveting.  Details 
should  be  closely  examined  with  a  view  of  minimising  the  number  of  field  rivets. 

It  is  noiedvinble  toimttwoefaoaioiionebed-phite;  butif  tide  eauMt  be  avoided, 
tile  bed-plate  should  be  made  loogBr  and  the  madnor  holes  shoukl  be  slotted  to  aDow  for 
variations  in  masonry. 

The  following  arc  the  most  important  pointotobeobMrvedmdeUuQiiibiiionkrto 
faciUtate  and  cheapen  erection. 

(a)  Avoid  as  far  as  possible  entering  connections. 

^)  See  that  proper  etaenweeB  MO  given. 

(e)  Minimin  the  number  of  field  rivete. 

Yumtcn 

WhenthetRMk  ie  on  Agmdo  end  thegmdeii  not  wy  eteeiH  nako  tbe  two  bento 
of  one  tower  alike  by  adding  fillrr  plates  on  the  tope  of  the  up-grade  columns.  Vot 

steep  grades  make  the  two  bents  of  one  tower  the  fwime  length,  but  square  the  longi- 
tudinal bracing.  A  good  detailer  will  then  make  the  punching  the  same  on  all  four 
columns  of  the  tower,  but  the  gusset  plates  which  connect  to  the  longitudinal  bracing 
win  be  dlffamt  lor  the  two  benta. 

Whon  derigning  ^w^^iytM  for  the  tu'weWi  the  ni^f^vn  ehoidd  be  indieeted  eo  'timt 
the  column  sections  shoidd,  pnlindily,  be  ondcr  4IK  knft  bat  ihoidd  net  andar  any  eip; 
eumstances  excee<l  60'. 

Where  two  deck  girder  spaas  are  adjacent,  the  end  cross-frames  are  placed  close 
to  the  ends  of  the  girders.  The  cross-frames  cannot  be  set  by  swinging  in  from  the 
end  of  the  span.  They  m«t  be  erected  by  swinging  in  fnm  tfw  eentv  of  Hie  ipon. 
TIm  stiffeDer  angles  carrying  the  oroee  gfardere  ihoald  be  bdK  with  the  back  of  the 
anifei  tonnid  the  cantor  of  the  epon. 
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REiNiOBCm>-coNCRBnB  structures  being  the  most  modem  of  all  the 
generol  types  of  bridge  construction,  it  is  not  to  \yc  expected  that  the 
economics  of  their  designing  should  be  ao  highly  developed  as  in  the  case 
ci  amy  ol  the  older  types.  Neverthelees  much  has  been  learned  about  the 
flubjeet  through  the  numerous  investigatioiis  made  for  the  author's  finne 
by  a  number  of  young  computera  during  the  last  twelve  or  fifteen  years. 
F^tically  all  that  was  known  concerning  it  in  1915  was  stated  in  Chapter 
LIII  of  "Bridge  ElngiiieNruig";  and  an  elaboration  of  that  treatment 
will  be  given  herein,  supplemented  by  the  results  ol  a  series  ol  investiga- 
tions made  specially  for  this  book. 

The  fint  topio  for  economic  discussion  is  that  ol 

Rexniobcing  Steel 

At  the  prcMwnt  time  ooe  of  the  mooted  points  in  the  designing  specifics- 
tione  for  reinforoed-ooncrete  bridges  is  the  prupir  intensity  of  woridng 
BtnsB  for  the  reinf oreing  ban.  It  is  graeraOy  ocmoeded  liiat  it  shovdd  not 
eoBoeed  one-hatf  of  the  elastic  limit  of  the  metal;  and,  in  oonsequeDoe^ 
engineering  praetioe  in  the  past  has  limited  it  to  16,000  lbs.  per  square 
inch,  butanumber  of  manufacturara  now  desire  to  raise  it  to  18,000 lbs.  per 
square  inch  by  using  a  higber^sarbon  steel^notably  re-rolled  sted.  Of 
course,  the  hig^  intensity  saves  in  the  quantity  of  steel,  but  generslly 
increases  the  amoontof  concrete  required;  because  the  higher  strass  in  the 
steel  reduces  the  moment  of  resistance  of  the  concrete  about  six  per  cent. 
If  the  amount  of  concrete  is  increased,  the  net  saving  is  about  two  (2) 
per  cent  in  slabs  and  three  (3)  per  cent  in  beams;  but  if  the  section  of  the 
concrete  is  determined  by  shear  or  other  considerations,  so  that  no  increase  < 
is  neoessaiy,  those  percentages  will  be  increased  by  unity. 

There  are  two  grave  objections  to  usmp  the  higher  steel,  viz.: 
Fint  When  bent  cold  it  is  liable  to  crack  on  accoimt  of  its  increased 
baHnesB,  and 

Second,  It  tends  to  open  up  cracks  in  the  concrete. 

Pot  these  reasons  the  author  is  not  willing  to  use  such  steel  in  his  prac- 
tice; and,  on  general  principles,  he  is  opposed  to  the  employment  of  any 
re-rolled  metal,  because  of  the  temptati^  for  the  manufacturer  thereof  to 
run  in  all  kinds  of  M  materials— even  woniout  Bessemer  rails. 
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VOB  CONGBETB 

For  many  yean  the  author's  practice  has  been  to  stress  the  concrete  in 
oompmnoii  caafy  m  hundred  (600)  pounds  per  square  inch;  but  lately 
the  Jdnt  Committee  of  the  Teehmcal  Societiea  Im  reported  in  favor  of 
adopting  six  hundred  and  fifty  (650)  pounds.  When  a  good  aggregate  is 
procurable,  the  author  has  no  objection  to  this  increase  of  eight  per  cent; 
but  otherwise  he  prefers  to  adhere  to  his  old  custom,  especially  as  by  so 
doing  he  adds  on^  two  per  cent  to  the  cost  of  the  concrete  in  those  cases 
where  the  section  can  be  reduced  by  using  the  higher  intensily.  Veiy 
often,  though,  no  such  reduction  is  pfaeticable,  and  the  saviog  on  the 
entire  job  reduces  to  only  one  per  cent. 

The  actual  reduction  in  the  amount  of  ooncrete  in  a  beam  due  to  this 
difference  of  intensity  of  working  stress  is  about  six  per  cent,  but  this  is 
partially  offset  by  an  increase  in  the  amount  of  steel  required.  The  com- 
bination of  the  intensities  of  600  for  concrete  and  16,000  im  steel  requires 
a  percentaise  of  0.68  for  reinforcing  sted,  while  with  660  and  16,000  that 
figure  is  increased  to  0.77.  Moreover,  construetioii  woik  is  simplified  by 
using  more  concrete  and  less  steel,  also  better  concrete  is  secured;  hence 
the  author  does  not  think  that  there  is  much  real  advantage  in  adopting 
the  higher  intensity.  The  general  complaint  from  contractors  on  his  work 
has  been  "too  much  sted";  and  adopting  the  hii^er  intensity  for  concrete 
would  make  matters  wocse.  Moreover,  the  use  of  heavier  concrete  seotioDS 
tends  to  keep  down  the  shear  intensity,  which  is  always  desirable. 

Frequently  there  is  a  chcnce  between  a  heavy  ooncrete  section  with  no 
shear  reinfoicement,  and  a  lighter  section  with  such  reinforcement.  In 
superstructure  it  is  generaQy  preferable  to  adopt  the  latter  and  in  sub- 
structure the  fonner* 

Pavings 

The  subject  of  the  eoonomios  of  pavings  is  treated  fully  in  Chapter  XXI. 
The  economy  lies  in  the  cost  of  the  pavement  itself,  excepting  that  brick 
is  heavier  than  the  other  paving  materials;  and,  consequently,  it  adds  to 
the  cost  of  a  concrete  structure,  the  amount  being  from  two  to  three  per 
cent. 

It  is  poor  economy  to  negleet  the  expansion  joints  in  block  pavements; 
because  expansion  is  sometimos  quite  dt'stnictivo,  not  only  causing  waves 
in  the  pavement  but  sometimes  actually  pushing  off  the  curbs. 

Handbaos 

Handrails  for  reinforoed-concrete  bridges  should  always  be  made  of 
ooncrete,  in  order  to  harmonise  with  the  rest  of  the  structure.  A  steel 
railing  on  a  ooncrete  bridge  is  ruinous  to  the  general  appearance,  and, 
therefore,  should  not  be  tolerated.  The  first  costs  of  the  two  types  of 
railing  are  about  alike;  but  the  concrete  one,  being  heavier,  requires  mors 
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material  for  its  support.  Artistic  nfla  are  more  expensive  than  plain 
ODfls;  henoe  the  sdeotion  of  the  design  wSk  often  involve  a  eompromiae 
between  eoonomios  and  sBstheties,  and  wSi  depend  greatly  upon  the 
amount  of  mon^  available  for  the  work. 

Rails  can  be  built  entirely  in  place,  or  they  may  be  either  partly  or 
wfaoQy  east  in  aeetiaiiB  and  set  In  poeitioii.  The  jointing  will  require  care- 
ful attention;  for,  otherwise,  the  railing  wifl  have  a  bad  appearance  and 
even  may  go  to  pieces.  A  better  duuraoter  of  ooostruction  can  be  secured 
with  separate^Hnoulded  woik;  but  unsii^tily  joints  would  offset  this 
advantage.  Separate-moulded  rails  generally  interfere  much  less  than 
other  types  of  rails  with  the  progress  of  construction ;  besides,  the  moulding 
of  the  parts  can  be  carried  on  at  odd  times  in  the  intervals  of  other  woik. 
Both  of  these  features  are  money  savers. 

Dbsignb 

The  economics  of  design  are  rather  difficult  to  determine,  as  the  quanti- 
ties involved  are  influenced  quite  largely  by  the  individual  taster  of  the 
designer.  The  problem  is  also  complicated  by  the  facts  that  the  unit  costs 
of  the  various  portions  of  a  structure  may  be  more  or  lees  different,  and  that 
the  unit  costs  of  different  types  of  coostniction  may  be  decidedly  unlike. 
In  general,  it  may  be  said  that  the  unit  costs  are  lower  for  those  stni»- 
turss  which  have  the  sunpleBt  fram-work;  and  a  reduction  will  also  be 
effected  by  decreasing  the  area  of  foim-surfaoe  per  cubic  yard  of  concrete. 
For  instance,  in  the  case  of  a  wall  or  dab,  the  form-cost  per  cubic  yard  will 

'  vary  practically  inversely  as  the  thidmees  of  the  said  wall  or  slab.  Ehi- 
dently ,  therefore,  it  is  desirable  to  concentrate  the  concrete  into  a  few  huge 
members,  rather  than  to  employ  a  great  number  of  small  ones. 

It  should  be  noted  that  reinforeing  ban  less  than  }"  in  diameter  com- 
mand higher  pound  prices  than  do  ^e  larger  bars.  The  ertras  for  these 

.  small  ban  may  be  found  in  Bnffinming  NewB^Bmrd  in  the  first  Issue  at 
each  month. 


The  economics  of  the  designing  of  the  different  parts  of  remforaed- 
.  concrete  structures  will  now  be  discussed  in  logical  older. 

Slabs 

A  priinar\'  rcononiif  prohlom  in  slab  designinp;  is  that  of  two-way  vrrftus 
one-way  reinforcing.  Two-way  reinforcing  involves  less  concrete  but  more 
steel  than  does  one-way  reinforcing;  hence  it  luis  but  little  advantage, 
unless  the  reduction  tjf  dead-load  to  a  minimum  be  of  prime  imjxirtanee. 

DilTerent  arrangements  of  slab  steel  are  disrussed  on  pages  9 IS  to  921, 
inclusive,  of  "Bridge  Engineering";  an<l  it  will  be  note<l  therefrom  that 
there  is  very  Utile  chfTerence  in  the  weights  of  tlic  various  types.  Lighter 
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aRBngements  of  steel  are  generally  used  in  buildings;  but  roadway  slabiy 
in  view  of  the  heavy  concentrated-live-loads  that  they  have  to  cany,  and 
which  produce  large  shears  throughout  and  positive  moments  over  almost 
the  entire  span,  require  carefully  and  liberally  designed  reinfaroement. 

Barring  most  of  those  in  railway  bridges,  slabs  are  usually  continuous 
over  panel  points,  excepting  at  the  expansion  joints.  There  is  but  little 
difference  in  the  actual  costs  of  continuous  and  non-continuous  slabs; 
but  continuity  is  desirable  from  the  standpoints  of  paving  and  drainage; 
also  with  continuous  slabs  T-beam  construction  can  bo  employed — involv- 
ing tlie  saving  of  much  material  in  girders.  The  continuity  of  slabs  and 
girders  coniplicatos  construction  problems-  sometimes  very  seriously. 
The  various  processes  of  the  construction  of  a  proposed  d(»sifrn  should  be 
stiidie  I  through  completely  in  order  to  make  certain  that  no  impracticable 
or  unnecessarily  expt'nsive  work  is  involved.  Freciuently  important 
savings  can  thus  be  efTe('t('<l:  and  sometimes  it  is  found  cheai>er  in  tlie  long 
run  t«  use  more  concrete  than  the  niiniinum  j)!a(  ti('al)le  amount.  For 
instance,  a  sidewalk  slab  usually  rests  upon  the  curh,  which  in  turn  rests  on 
the  roadway  slab;  and  in  th<'  (lesijining  it  is  advisable  to  provide  for  a 
construction  joint  at  the  toj)  of  the  roadway  slab,  b<'(  aus<'  it  would  b  •  both 
difficult  and  expensive  to  pour  the  curb  and  the  sidewalk  slab  simulta- 
neously with  the  roadway  slab.  Such  construction  joints  can  Ixj  arranged 
for  })y  the  designer  without  involving  much  extra  expense,  provided  that 
he  gives  the  matter  proper  consideration  at  the  outiiet. 

GiBDEBB 

Girders  are  of  two  main  types,  single  or  continuous;  and  there  is  no 
great  difference  in  their  costs,  there  being  more  concrete  but  less  steel  in  the 
simple-span  type.  The  two-span-continuous  type  is  nearly  always  a  little 
more  expensive  than  the  simple-span  type.  The  simple-span  girder  can  • 
be  moulded  separately  and  set  in  place.  This  is  not  a  paramount  feature 
in  highway  bridges,  but  it  is  often  ali4niportant  in  railway  structures. 

Compaiing  simple  girders  and  continuous  ones  of  three  or  more  spans, 
the  following  general  observations  may  be  made: 

If  there  is  no  T-beam  acticm,  the  simple  spans  will  be  the  more  espsn- 
ove;  because  the  section  win  be  detenninedl^  the  monMot  at  midHBpan  in 
the  simple  girder,  and  this  is  greater  than  any  of  the  moments  of  the  con- 
timioiis  girders.  Again,  higher  unit  streeaes  than  ordinary  are  allowed 
over  the  supports  ci  continuous  girders.  For  the  T-sectbn,  if  the  bottoms 
are  straight,  the  continuous  type  wiD  be  ihe  more  eaq^nsive,  having  more 
concrete  and  more  sted  than  the  sunple  type.  But  if  the  bottoms  of  all 
guders  are  eurved,  the  continuous  girders  wiOl  be  the  cheaper,  there  being 
deddedly  less  concrete  required  for  them.  When  the  bottoms  are  straight 
for  simple-span  girders  and  are  eurved  for  continuous  girders,  tiie  eurves  on 
page  1328  ci  "Bridge  Engnieering"  indicate  the  rdationahipe.  It  will  be 
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noted  therefrom  that  for  hpht  loads  tlio  simplo  spans  have  less  conrrot-e, 
and  that  for  heavy  girders  there  is  l)ut  litth^  ditTeivnce  in  the  ((uicrrte 
quantities,  excepting  that  for  exceedingly-heavy,  long-span  girdcis  the 
continuous  type  is  the  lighter.  There  is  always  more  steel  required  for  the 
continuous  typK!  than  for  the  non-continuous  one. 

From  the  foregoing  remarks  it  is  evident  that  simple-span  girders  are 
generally  cheaper  than  continuous  ones.  It  will  be  found,  however, 
that  the  bents  or  other  supjmrts  are  cheaix'r  for  continuous  girders  than  for 
simple  ones,  and  that  Hoot  joints  in  simple  spans  ;irc  expensive,  als<j  that 
the  continuous  girders  give  a  solid,  monolithir  structure.  The  continuous- 
girder  construction  is  verj-^  generally  used  in  highway  bridges;  but  the 
railway  companies  have  adopted  as  standard  the  simple-girder  type.  How- 
ever, nearly  all  railway  concrete-bridges  up  to  the  present  have  been  of 
solid-dab  construction,  rather  than  of  that  of  the  slab-girder. 

The  foregoing  comparisons  are  baaed  upon  girders  in  which  the  rein- 
foroenifint  was  liberally  pro)X)rtknied  for  poeitiye  moments,  negative 
momentSi  and  shears,  making  full  provision  for  impact  and  a  small  aUow- 
anee  for  uncertainties  of  stress  distribution  in  oontinuous  girders.  It  is 
possible  to  skimp  the  reinforcing  of  concrete  girders  oonsidembly,  and 
this  piactioe  in  highway  bridgework  is  altogether  too  eommon.  It  is 
an  evil  that  should  be  stamped  out,  if  not  by  the  engineering  profession, 
then  by  the  laws  of  the  land;  for  while  it  is  most  reprehensible  to  skina 
steel  bridge  in  which  the  skinning  cannot  be  hidden  from  the  expert  eye, 
it  is  criminal  to  trim  down  to  dangerous  limits  of  strength  a  rednf oieed- 
ooncrete  structure  in  ^Mch  the  flaws  and  weaknesses  are  buried  out  of 
sight. 

The  diaracter  of  the  foundations  should  be  duly  considered  in  deciding 
between  simple  and  continuous  girders;  for,  if  there  is  danger  of  settie* 
ment,  the  simple-girder  type  Ib  far  preferable— in  fact,  it  is  obligatoiy. 

The  balanced-cantilever  type  ci  girder  is  beginning  to  be  used,  each 
monolithic  unit  consisting  of  a  {Her  and  two  half-spaiiB.  In  this  the 
foundation  pressure  is  centric  for  dead  load  and  for  live  load  over  the  two 
arms;  but  with  the  latter  loading  on  one  arm  only,  the  pressure  cn  the 
bsse  is  decidedly  eccentric,  subjecting  the  pier  shaft  to  bending.  This 
type  of  layout  pemiits  of  a  ver>'  shallow  depth  at  the  center  of  the  span, 
and  is  thus  specially  applicable  to  long  sjians,  where  the  wdght  of  the 
concrete  in  the  central  portion  of  either  simple  or  continuous  girders  is 
an  important  factor.  The  balanced-cantilever  girder  usually  shows  for 
the  superstructure  a  small  economy  over  either  the  simple  or  the  con- 
tinuous girder  for  short  spans  and  a  larger  saving  for  long  ones.  The 
substructure,  though,  is  always  more  expensive,  as  it  luia  to  be  designed 
for  the  unbalanced  lo  i  I  on  one  arm.  If  the  live  load  is  small  in  com- 
parison with  the  dead  load,  this  increase  in  sub-structure  cost  is  not  great;* 
but  otherwise  it  is  so  large  as  to  ontwei^h  the  economy  in  the  girders 
themselves.  This  type  of  layout  should  not  be  used  on  soft  foundations 
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or  with  pile  bearing?  when  the  live  load  k  ooin|iai»tively  great,  oa  aeoount 
of  the  tendency  to  rock  the  piere.  Where  the  ends  of  the  anne  oome 
together  it  is  neoesBaty  to  insert  a  detail  that  will  take  up  shear  hut  not 
moment;  for,  otherwise,  there  would  be  a  sudden  break  in  the  grade  that 
might  give  serious  trouble.  In  the  author's  opixiion  this  type  is  never 
suitable  for  carrying  stesm-railway  loadings  and  is  none  too  good  tor 
electric-railway  structures,  although  satisfactory  enough  for  highway 
bridges.  In  order  to  determine  for  any  case  Ihe  relative  economy  of 
cantilever  and  ordinary  types,  estimates  for  both  supersfeructuie  and  sub- 
structuro  will  have  to  be  made. 

Columns 

» 

Colmnns  are  generally  square  or  rectangular  in  cross-section  for  con- 
structive and  esthetic  reasons.  A  round  or  octagonal  cohunn  is  reaQy 
a  better  structural  member;  and,  if  the  lines  of  the  bridge  are  worked  out 
in  accordance  with  it,  there  diould  seldom  be  any  difficulty  about  the  matter 
of  appearance.  A  round  cdumn  can  be  hooped  or  banded  better  than 
any  other  type.  PVequently,  for  the  sake  of  appearance,  the  sise  of  a 
column  must  be  made  greater  than  that  necessitated  by  theoretical  require- 
ments. 

Foohnos 

Footings  may  be  either  plain  or  reinforcetl;  and  the  question  a,s  to 
which  style  to  adopt  is  one  solely  of  e('f)noniies.  because,  as  they  are  buried 
out  of  sif^ht,  the  eonsidenition  of  j.ci>thetifs  will  not  apply.  If  the  area  of 
the  foutiim  is  Init  little  larger  than  that  of  the  column  supported,  plain 
concrete  will  be  the  cheaper;  while  for  a  spread  foundation  the  reinforced 
type  will  nearly  always  be  found  more  economical.  If  a  footing  has  to 
be  poured  under  water,  plain  concrete  should  invariably  be  employed; 
and  in  wetr«xcavation  work  in  general  it  is  preferable,  because  it  is  often 
difficult  to  prepare  the  bott<nn  of  the  pit  properly,  and  to  stop  absolute^ 
the  flow  of  water  from  bekw.  Such  a  flow  is  liable  to  wash  out  the  cement 
from  the  lower  part  of  the  footing;  and  thus  it  would  destroy  most  of  the 
vahie  of  the  reinforcing. 

Plain  footings  are  made  of  1  : 3  :  5  concrete  or  sometunes  1:8:6; 
but  the  h&tter,  in  the  author's  opinion,  is  too  weak.  The  use  of  1  :  2  : 4 
concrete  permits  thinner  footings,  but  this  is  not  of  much  importance 
when  plain-concrete  bases  are  used. 

HlOHWAT  OlBDER  BbIDGES 

In  it'S]KH't  to  the  ofononiics  of  girder  bridges  resting  on  columns,  the 
.following  points  must  Ix'  coiisidcicd: 

First.    The  panel  Icnjith,  when  cross-fiinlers  are  eni|)loved. 
SecojnI.    The  minilxT  and  spacintt  of  the  longitudinal  girders. 
Third.    The  number  of  columns  per  bent. 

* 
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Fourth.  The  span  longth. 

Fiflh,   The  use  of  reinforced  concrete  piles  to  carry  the  footings. 
The  panel  length  adopted  is  usually  not  of  great  inipoitanoe  Iram  the 
standpoint  of  economy.   T.on^tlis  of  from  eight  to  tea  feet  are  genenlly 

employed;  but  a  consi(lc'rai)lc  variation  from  these  vahws  will  cause 
Uttle  change  in  the  combined  cost  of  the  slabs  and  oross-girdere.  A 
reduction  in  concrete  quantities  can  frequently  be  effected  by  using  long 
panels,  and  by  cairying  the  slabe  on  short  stringers  supported  by  the  floor- 
beams;  but  the  extra  fonn  ynak  required  will  generaiiy  overbalance 
this  saving  in  volume. 

The  number  and  Fpnoinir  of  the  longitudinal  girders  will  depend  upon 
the  width  and  tlic  height  of  the  structure,  the  span-length,  and  the  load 
to  be  carried.  For  a  high  structure  in  which  the  economic  simn-length  is 
fairly  great,  it  will  nearly  always  l)e  found  best  to  employ  two  lines  of 
girders,  the  spacing  thereof  heinc;  equal  to  about  five-oighths  of  the  total 
width  of  the  structure;  but  for  bridges  much  over  sixty  (60)  feet  wide  the 
use  of  three  or  even  four  Hues  may  V)e  jireferable.  The  slab  in  such  struc- 
tures is  carried  on  eross-girders  and  cantilever-beams.  For  a  low  bridge  in 
which  the  economic  sjian  l(>ngtli  is  short,  it  will  generally  be  the  cheapest 
to  omit  the  cross-gin lei-s,  excejit  at  the  lu'nts,  rtuI  to  employ  several 
hues  of  longitudinal  girdei-s.  The  wider  the  structure,  the  more  likely 
will  this  arrangement  prove  to  be  economical;  and  very  heavy  loads  also 
favor  its  adoy^tion.  For  a  structure  in  which  the  span-length  is  from  one- 
half  to  two-tliirds  of  tlie  width,  it  will  usually  make  little  difference  which 
of  the  two  typt^s  is  adopted,  unless  the  height  is  rather  large;  and  even  in 
extn^me  cases  the  variation  betwcH'n  the  two  is  not  likely  to  exceed  ten 
per  cent.  Ordinarily,  it  will  be  found  more  de.sind)le  to  use  two  lines  of 
girders,  with  eross-girtlers  and  cantilevers  about  eight  or  ten  feet  centers. 

The  proper  number  of  columns  per  bent  di-pends  on  the  numl>er  of 
longitudinal  girders.  When  there  are  only  two  lines,  two  colunms  will, 
of  course,  be  employed.  ^\nien  there  are  several  lines  of  girders,  there 
should  generally  be  on(^  column  i)er  girder  in  low  structures,  and  two 
columns  per  bent  in  higher  ones.  In  this  latter  case  a  heavy  cross-girder 
will  be  recjuired  at  each  bent  to  carry  the  longitudinal  girdei-s. 

The  economic  span-length  is  affected  by  the  hei^dit  and  the  load,  being 
larger  for  greater  heights  and  smaller  for  heavier  loadti.  Jin  approximate 
value  thereof  is  given  by  the  formula, 

in  which  iBeoonomie  span  length  in  feet,  measured  fram  center  to  center 

of  supports, 

t0»load  in  pounds  per  lineal  foot  of  girder  (excluding  its  own 
wdght), 

and      A fixed  height  of  structure  in  feet. 
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The  quantity  h  represents  in  any  pivon  raso  the  height  whiVh  is  fixed,  such 
as  the  height  from  grade  to  top  of  footing,  height  from  grade  to  bottom  of 
footing,  height  from  underside  of  girder  to  top  of  footing,  or  height  from 
underside  of  girder  to  bottom  of  footing,  as  the  case  may  be.  There  is 
always  a  considerable  range  of  lengths  for  which  the  quantities  remain 
nearly  constant.  The  formula  givejs  values  a  trifle  greater  than  those  for 
which  the  quantities  are  a  inininium,  since  the  use  ol  heavier  sectioDfi  will 
reduce  sUghtly  the  unit  costs  of  the  concrete. 

Rcinforced-concrete  ])ik\s  should  ho  used  under  footinjjs  when  a  suitable 
foundation  is  to  be  found  only  at  a  consid(TabIo  drptli,  or  v.hon  a  very 
large  footing-area  wouhl  bo  ro(iuiro<l  in  oi<l(  i-  to  reduce  the  pressures  to 
a  proper  amount.  A  comparison  must  bo  niadc  for  each  case  as  it  arises, 
allowing  properly  for  the  costs  of  the  colunui  shaft,  the  footing,  the  piles, 
and  the  excavation.    This  latter  item  must  not  bo  ovorlookod. 

The  cur\'os  of  Figs.  56<  to  5(>v,  inclusive,  of  ''Bridge  Engineering." 
will  be  found  of  great  value  in  studying  the  (juestions  of  economy  of  n'in- 
forctni-concrotogirder  bridges^  as  most  of  the  points  involved  can  be  settled 
directly  thereby. 

Arch  Bsxdgbs 
Beonomie  RUe  vUh  Span^Length  Uw^ngtd 

The  economics  of  arch  bridges  are  nuich  more  complicated  than  those 
of  girder  bridges.  The  iinj)oi  tant  factors  are  the  costs  of  the  arch  ribs  and 
those  of  the  piers  or  abutments;  ami  the  main  ocononiic  j>oint  to  determine 
is  that  of  ratio  of  rise  to  span-length.  I- or  any  fixed  s[)an-length,  the 
greater  the  rise,  up  to  a  limit  of  one-third  of  the  opening,  the  smaller  will  be 
the  cost  of  both  arch-ribs  and  piers.  By  increashig  it  further,  u])  to  the 
limit  of  one-half  of  the  opening,  the  cost  of  the  rib  will  be  l)ut  little  aug- 
mented, and  the  cost  of  the  pier  above  the  springing  will  be  increased,  while 
that  of  the  portion  thereof  below  the  same  will  l>e  reduced.  If  the  increase 
in  riae  is  secured  by  lowering  the  springings,  the  greater  the  rise  the 
greater  tiie  economy  of  material  and  cost;  but  if  the  increase  must  be 
secured  by  raising  the  grade,  the  springing  remaining  at  a  fixed  devaHoD, 
it  win  rarely  be  economical  to  increase  the  rise  above  the  limit  of  on^ 
third  of  the  opening.  The  exact  limit  bk  any  case  will  depend  upcn  the 
distance  from  the  springing  to  the  bottom  <tf  the  base,  and  upon  the  maaa- 
ivenesB  of  the  pier«hafto  above  the  springing;  also  upon  the  spans  of  the 
arch-ribs  resting  on  the  pier,  and  upon  the  character  of  the  substnioture 
employed.  If  the  springing- is  but  little  above  the  top  of  the  base,  a 
eomparative^4ow  rise  will  be  economic. 

If  the  pier  carries  two  ardi-spans  of  the  same  length,  and  if  the  Jive  loads 
are  small  as  compared  with  the  dead  loads,  a  low  ratio  of  rise  to  span-length 
win  be  economic.  On  the  other  hand,  if  the  distance  from  the  springing 
tothebottomof  the  base  be  great,  the  Uve  load  large  as  compared  with  the 
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dead  load,  the  two  adjaoeat  aidi  apans  of  different  kngtlia  (ofr,  stBl  moie 
Importanty  if  then  be  only  one  ardi),  and  the  Bubstnioture  work  eacpenaive 
or  the  foundatioD  of  low  bearing-value,  the  ntio  of  riae  to  epaa  length 
should  be  large. 

Frequent^  an  arofa  abutment  retaina  a  fill,  in  which  caaeaTeiylow  ine 
ialilra^  to  be  eoQnomic,  in  Older  that  the  larger  thrust  of  the  ribmayoppoae 
the  earth-thrust  on  the  abutment.  In  such  an  event  it  may  be  eonmcwnle 
to  make  the  jgrri^^p^g  higher.  This  is  the  only  emeption  to  the  genesal 
rule  that,  for  tnA»{miim  economy,  the  springing  should  be  {ilaoed  as  low  aa 
dearanoes,  waterway  requirements^  or  due  oonsideratkm  of  osthetioB  will 
permit* 

Economic  Span-Len^  with  Rise  Unchanged 

In  most  v^^ru^  there  is  little  chance  to  vary  either  the  grade  or  the 
elevations  of  the  qningingB  to  any  great  extent;  hence  the  principal  eoo- 
nomic  problem  ia  the  determination  of  the  best  8pan4eogth.  The  prin- 
cipal factors  to  be  considered  are  the  following: 

A.  The  rise  of  the  arch. 

B.  The  distance  from  springinp:  to  bottom  of  base. 

C.  The  character  of  the  substructure  work. 

D.  The  inassiveness  or  hghtness  of  the  piers,  detenuined  from  the 

apstlu  tic  viewpoint. 

E.  Tlie  ratio  of  Hve  load  to  dead  lojul. 

F.  The  type  of  arch-ring — whether  solid-barrel  or  two  or  more 

separate  ribs. 

G.  Tlie  equality  or  inequ.ality  of  lengths  of  luljacent  spans. 

H.  Arbitrary  requireiuents  fixing  clturances  of  ribs  or  positions  of 

piers. 

I.  Other  special  conditions. 

The  rise  of  the  arch  is  evidently  of  paramount  importance;  because 

tiie  greater  it  is  tlie  greater  will  be  the  economic  length  of  span. 

Th(»  distance  from  springing  to  bottom  of  base  is  anotlier  very  impor- 
tant factor.  In  general,  it  may  be  stated  that,  for  ribbed  arches,  when  the 
adjoining  spans  are  of  e(|ual  length  and  when  the  springings  are  but  a  short 
distance  above  the  bottom  of  the  base,  a  ratio  of  rise  to  span-length  of  one* 
Uiird  or  even  le^^s  will  be  quit«  economic;  wliile,  if  the  said  springings  are  a 
considerable  distance  above  the  said  bottom,  a  ratio  of  one-half  will  be 
bett<^r.  Cicnerally  speaking,  it  may  be  said  that  low  ratios  of  rise  to  span 
are  more  pleajsing  to  tlie  eye  than  higher  ones,  so  that  the  adoption  of 
longer  spans  is  preferable  from  the  aesthetic  standpoint.  Also  longer 
spans  involve  larger  members,  and  consequently  lower  unit  co^ta,  so  that 
the  economic  span-length  is  somewhat  greater  than  that  which  gives  mini- 
mum quantities  of  materials. 
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Difficult  foimdatkms  favor  long  sptam,  not  osfy  because  of  tbe  leduo- 
taon  in  the  number  of  piers  but  also  because  the  unit  oosts  for  small  piers 
are  much  higher  than  those  for  large  ones.  On  the  other  hand,  if  the 
foundations  are  veiy  deep,  the  effect  of  unbalanced  thrusts  becomes  of 
great  importance;  and  this  favois  shorter  spans.  Fbor  foundation  coi^ 
ditions  also  militate  for  shorter  spans,  as  do  invariably  pile  f oundatkms. 

If  it  be  decided  for  the  sake  of  appearance  to  make  the  piers  heavy  and 
massive,  this  will  tend  towards  greater  qnn-length;  because,  in  that 
case,  up  to  a  certain  limit,  an  increase  of  span  will  augment  the  siae  of 
each  individual  pier  but  little,  if  any.  It  will  rarely  pay  to  reduce  the 
spauf-length,  if  such  reduction  will  not  decreaae  the  siae  of  the  pier 
or  piers. 

Lii^t  live  loads  in  proportion  to  the  dead  loads  tend,  for  eeonomy, 
towards  the  adoption  of  longer  spans,  especially  when  the  adjoining  spans 
are  of  the  same  length.  With  such  light  live  loads  the  economic  span- 
length  is  not  greatly  affected  by  the  distance  from  springing  to  bottom  of 
base.  When  a  pier  carries  one  arch  span  only,  the  ratio  of  live  load  to 
dead  load  is  of  much  smaller  importance  than  it  is  in  the  case  where  there 
is  a  sueeesaion  of  qianB. 

The  type  of  ardi  ring,  whether  it  be  of  <me  so]id4)airel  or  of  two  or 
more  arch  ribs,  often  affects  materially  the  economic  8pan4ength,  but  to 
what  extent  it  is  difficult  to  predict  in  advance  of  designing  and  esti- 
mating. The  piers  of  the  solid-barrel  type  are  generally  more  eipenaive 
than  those  of  the  ribbed  t>'pe,  as  are  also  the  arches;  but  in  most  cases 
the  piers  are  comparativdy  the  more  expensive;  and  this  favors  the 
employment  of  longer  spans.  Also,  it  will  frequently  be  found  that 
increasing  the  span-length  will  augment  but  slightly  the  quantities  in  the 
arch  rings  of  the  solid-barrel  tyiie— whidi  also  favors  longer  apans.  The 
economic  ratio  of  rise  to  span-length  for  solid-barrel  arches  may  generally 
be  taken  at  0.25,  varying,  of  course,  with  the  other  factors  .previously  dis- 
cussed. The  foregoing  conclusion  may  seem  to  be  in  ccmtradiction  to 
the  well-known  fact  that  long  spans  are  nearly  alwa}^?  of  the  ribbed  type. 
This,  however,  is  because  the  solid-barreled  arch  is  generally  used  for  low 
rises,  which  neoessarily  means  comparatively  short  spans,  while  the  open- 
ribbed  arches  are  employed  for  nearly  all  arch  structures  of  high  rise. 
The  oompamtive  economics  of  these  two  types  will  be  disciiSBed  later  in 
this  chapter. 

When  adjoining  spans  must  be  unequal,  the  ine(|uality,  for  economy's 
sake,  should  be  made  as  small  as  practicable.  This  is  very  important  if 
the  sprinj^ings  are  far  above  tbe  base;  but  is  of  small  consequence  if  they 
are  not.  If  the  springing  of  the  smaller  arch  can  be  located  well  above 
that  of  the  1nrc:er  one,  it  may  be  possible  so  to  adjust  the  spans  and  rises 
that  there  shall  be  very  little  eccentricity  of  pressure  on  the  base,  in  whidi 
case  the  pier  will  not  be  much  more  expensive  than  it  would  have  been 
had  the  adjaoent-spans  been  of  equal  length.  The  appearance  of  the  piers 
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will  demaod  special  study,  if  the  springings  are  located  at  different  ele* 
¥atioo8;  otherwise,  the  principleB  of  ssthetics  are  likely  to  be  violated. 

The  influence  of  earth-thrust  on  an  arch  abutment  has  already  been 
mentioned.  Where  siieh  thrupt  exists,  it  will  favor  the  use  of  longer  spans, 
in  order  that  the  larger  arch-thrust  may  counterbalance  the  said  carth> 
thrust.  In  a  long  bridge  of  noany  spans,  the  abutments  will  not  cut 
much  figure;  but  if  onl^  two  or  three  spans  are  to  be  adopted,  they  may 
he  of  more  importance  than  the  intermediate  piers.  If  there  is  no  earth- 
thrust  on  the  abutment,  its  cost  will  augment  as  the  Bpan-togth  increases; 
but  if  there  is  suoh  a  thrust,  the  cost  may  reduce  when  the  Bfanptength  is 
made  greater. 

In  many  layouts  the  positions  and  even  the  sixes  of  certain  piers  are 
fixed,  and  specified  clearances  (both  horiiontal  and  vertical)  must  be 
maintained  under  certain  of  the  spans.  These  conditions,  of  course,  must 
be  taken  as  a  basis,  and  the  layout  adapted  to  suit  them.  Special  govern- 
ing conditionB  must  often  be  observed,  such  as  the  character  of  the  sur- 
roundings, the  relative  importance  of  sesthetios  and  cost,  or  the  adoption 
of  some  special  architectural  treatment. 

In  a  discussion  of  economic  spnn-lengths  of  arch  bridges  it  is  imprac- 
ticable to  give  exact  figures,  for  there  are  too  many  TariaUes  concemd. 
Whenever  there  is  any  choice,  it  will  be  necessary  to  make  preliminary 
designs  for  at  least  two  ppan-lengths;  and,  if  one  of  these  proves  to  be 
somewhat  cheaper  than  the  other,  a  third  length  should  be  figured.  There 
is  no  other  way  to  ensure  that  the  truly  economic  length  has  been  selected, 
unless  it  happens  that  the  figures  can  be  compared  with  those  for  a  Yeiy 
sunilar  structure. 

CompofMOfi  €f  SdUdrSpandrel  versus  OpevH^poiMM  and  SoUd' 
Band  versus  Ribbed  SiructureB 

Arch-spans  can  he  divided  into  two  general  classes,  solid-spandrel  and 
cpen-spandrcl.  In  the  first  form  the  arch-rib  must  be  solid,  while  in  the 
second  it  may  be  either  solid  or  riljbed.  Considering  the  two  solid-barrel 
types,  the  filled-spandrcl  has  no  fl(K)r-8ystem  or  cross  walls,  but  instead 
an  earth  fill  betwe(>ii  the  .spandrel-walls.  For  verv'  low  rises  the  walls  and 
filling  arc  choa]>or  llian  the  fl(X)r-systein  and  columns;  but  for  high  rises 
the  revci*se  is  true.  The  great  weight  of  the  filling  makes  the  piers  expen- 
sive in  the  cases  of  pile  foundations  and  bearings  upon  comparatively 
soft  soil.  The  spandrel-filh'd  arch  is  often  used  on  railroads  when  it  is 
not  the  most  economic  ty|M?,  in  order  th;it  the  weight  and  inertia  of  the 
filling  may  absorl)  t  he  impact  of  moving  trains. 

In  highway  structures,  the  open-sjiandrol  type  is  generally  preferred 
to  the  filled  t\'pe,  for  various  ^ood  and  economic  reasons,  among  which  ' 
may  he  mentioned  the  fact  tliat.  with  the  latter  type,  it  will  be  found 
desirable,  for  the  sake  of  appearance,  to  make  the  ring  the  full  width  of  the 
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deok;  ivliemfl  for  the  fanner  type  it  wiU  be  aati^^ 

the  deok  on  oantikiven.  Tbe  oonaequent  nammrng  of  the  aieh-ringn 

and  Bhortening  of  the  pien  involYe  quite  a  saving  in  ooet 

CompariDgi  in  openrspandrei  struotureB,  the  sdid-baird  type  and  the 
ribbed  type,  it  will  be  found  that  the  latter  is  cheaper,  except  in  the  case  of 
Toy  low  rataoB  of  rise  to  span4eDgth.  In  the  sohd-baxrel  type  there  is 
one  wide,  mther^hin  ring  canned  on  a  wide,  oomparativdy'^Jiin  pier;  while 
in  the  ribbed  type  there  are  two  or  more  thicker  and  rather-nanow  ribs, 
carried  on  pien  which  must  be  somewhat  wide  as  seen  in  side  elevatioo, 
there  usually  being  a  separate  shaft  for  each  line  of  ribs.  For  arches  of 
oonsiderablB  rise  in  which  the  five  load  naoi^ents  are  the  only  ones  of  impo^ 
tanoe,  the  thick,  nanxm  rib  is  innch  the  cheaper;  but,  as  the  rise  is  reduced, 
temperature  and  arab-shortening  stresses  increase  in  importance^  and  it 
becomes  more  economical  to  reduce  the  thicknees  and  make  each  rib  wider, 
until  eventually  the  solid4)arrd  rib  is  reached.-  For  any  special  case,  conH 
parison  can  be  made  by  means  of  the  curves  on  pages  1333  and  1333  of 
''Bridge  Engineering."  It  must  not  be  forgotten  that,  with  the  ribbed 
type,  croesrbraces  between  the  ribs  are  generally  necessary.  The  type  of 
pier  required  is  also  important.  If  a  separate  shaft  can  be  used  for  each 
line  of  ribs,  the  ribbed  type  will  usually  l)e  the  more  economical;  but  in 
many  cases,  as  in  most  rivers,  solid  pier-shafts  must  be  employed  in  any . 
event.  Frequently,  in  river  crossinj:^,  the  springings  arc  located  below  the 
high-water  line;  and  the  adoption  of  solid  banels  then  becomes  almoet 
impeitttivei 

Hingdeaa  and  Tkne-Hingad  Arches 

CSomparing  the  hingeless  and  the  three-hinged  types  for  reinforced- 
ooncrete  aroh4mdgcs,  it  will  be  found  that  the  latter  is  cheaper  for  low 
rises,  and  the  fonner  for  high  ones.  The  principal  objection  to  the  three- 
hinged  type  is  its  awkward  api>earBnoe,  due  to  the  fact  that  it  is  thicker  in 
the  haundk  than  at  the  springing  line;  and  since  the  concrete-arch  bridge  is 
often  selected  from  esthetic  considerations,  this  is  an  important  matter. 
If  the  three-hinged  rib  be  thickened  at  the  springing,  in  order  to  make  its 
appearance  satisfactoiy,  it  will  rarely,  if  ever,  prove  to  be  cheaper  than  the 
hingdess  type. 

ilrdk  wUh  Seel  Bottom  Chords 

An  unusual  economic  prolilom  arose  in  the  design  of  tho  author's 
Twelfth  Street  Trafiicway  N  iaduct  in  Kansas  City,  Mo.  This  is  a  double- 
deck,  rcinforced-concrt'tc-j^irder  structure;  but  ihvrc  was  one  portion  of 
it  where  a  134-foot  spsm  was  required  over  some  railroad  tracks.  An  arch 
span  was  adopted;  but  the  sprinjB;inp;s  were  high  above  the  foundations, 
which  were  on  ])iles;  and  the  area  allowable  for  the  piers  was  restricted  by 
other  tracks.   The  question  of  what  to  do  was  finally  solved  by  putting  in 
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encased  bottom  ohords  of  eye-bara  at  the  elevatkm  of  the  kfwer  dock,  ao  as 
to  take  up  the  arch  thrusta.  The  available  clearance  wae  very  amaD;  ao 
that  the  floor-beams  ol  the  lower  deck  had  to  be  made  of  steel  I-beams 
encased  in  concrete  and  riveted  to  ated  hapgera,  also  encased. 

Rein  forced-Concrete  Trestles  for  Steam  Railways 

A  number  of  reinf oroed-concrete  tieatlee  have  been  built  of  late  yearo  for 
Steam-railwaya.  The  usual  type  for  river  crossings  has  been  solid-concrete 
dafae  on  concrete  piles.  The  economic  epan-lengths  for  such  trestles 
are  very  short,  usually  from  ten  (10)  to  fifteen  (15)  feet;  but  most  of  the 
structures  have  had  spans  of  fifteen  (15)  or  twenty  (20)  feet  on  account  of 
waterway  requirements.  Solid  slabs  have  also  bean  used  extensively  for 
grade-croBsing-elimination  work  in  cities,  the  substnicture  generally  con- 
sisting of  either  solid  cross-walls  or  cross-girders  resting  on  a  row  of  smaU 
iwliimna  canied  on  a  continuous  footing.  The  economic  span-lengths  for 
such  structures  are  a  little  greater  than  those  for  the  slab-pile-trestles ;  but 
this  economic  question  in  of  ver>'  small  importance,  since  the  qpan-lengths 
are  generally  fixed  definitely  by  other  considerations. 

The  slabs  for  most  of  these  trestles  have  been  separately  moulded  and 
.  afterwards  set  into  place  by  derrick  cars  or  locomotive  cranes.  In  some 
casss  this  was  the  cheapest  possible  method  of  construction;  but  in  others 
the  need  for  maintenance  of  traffic  demanded  it»  In  many  cases  also  the 
headroom  was  limited,  and  falsework  beneath  was  not  permissible. 

For  the  purpose  of  determining  the  economics  involvedi  the  author  has 
had  made  in  his  offices  during  the  last  three  or  foiu-  years  a  large  number  of 
estimates  for  steam-railway,  reinforeed-conerete  trestles  of  the  slab-girder 
type,  for  span-lengths  varj'ing  from  twenty  (20)  to  fifty  (50)  feet,  and  for 
heights  varying  from  twenty  (20)  to  sixty  (60)  feet,  measuring  from  base 
of  rail  to  bottoms  of  footings.  Both  smiple  and  continuous  girders  have 
been  computed,  tlic  former  proving  somewhat  the  cheaper.  The  substruc- 
ture considered  consists  of  l)cnts  composed  of  two  battered  cokmins  with  a 
cross-girder  at  the  toj),  the  columns  bciiig  supported  by  either  one  con- 
tinuous footinji  or  two  separate  footiu^^s.  For  the  lii^her  trestles  it  proved 
to  be  economical  to  use  longitudinal  struts  br'tween  columns  in  alternate 
spans,  thus  making  a  succession  of  towers  with  a  single  span  between  each 
of  tliem.  The  economic  si)au-leDgth  for  such  trestles  varies  from  oue-half 
to  six-tenths  of  the  h(Mu;ht. 

In  the  second  edition  of  "  Bridge  EniiiiKH'rin^; "  (fourth  thousand),  which 
will  ])rol);il>ly  l)e  is>ue(l  in  1922,  tliere  will  ))e  a  lengthy  Appendix  for  the 
purpose  of  recording  the  results  of  all  of  the  author's  studies  (excepting  the 
economic  ones  reproduced  in  this  treatise)  on  tlie  subject  of  brid^res  niatie 
since  July,  1916,  when  the  first  edition  of  that  work  appe;ired.  Tlie  said 
Appendix  will  contain  an  extensive  series  of  diagrams  giving  curves  of 
quantities  for  different  types  of  steam-railway,  reinforced-concrete  trestles. 
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Comparing  such  structures  with  those  composed  of  steel  girders  carrying 
ballasted  decks  on  concrete  slabs,  there  is  very  Httle  difference  in  cost,  the 
reinforced-concrete  trestles,  pure-and-simple,  being  a  trifle  cheaper  for 
twenty-foot  spans  and  a  httle  more  ^pensive  for  fifjty-foot  spans.  But  if 
the  st€el  girders  are  encased  in  ooncietei  the  xeiDforoed-conciete  trestle  will 
always  be  found  the  cheaper. 

Retaining  Walla 

Reinlineed-coDciete  retaining  walls  show  a  small  saving  <nrer  plain-eon- 
erete  ones  for  even  small  heists.  However,  it  is  better  to  use  plain  con- 
crete up  to  hetgfats  of  ten  (10)  feet,  measuring  from  bottom  of  footing  to 
grade,  as  the  section  of  a  low  reinforced-concrete  retaining  wall  is  too  small, 
for  the  reason  that  a  certain  amount  of  massiveness  is  neoessaiy  in  such 
constructions. 

In  respect  to  the  economics  of  cantflevered  and  counterforted  walls, 
the  former  typo  iB  the  cheaper  up  to  about  twenty  or  twenty-liye^oot 
heiglitB,  above  which  limit  the  latter  type  is  the  more  economic.  The  dia- 
cussion  of  "FootingEi"  previouaiy  given  in  this  chapter  will  tapjfiy  to  the 
footings  of  retaining  walloi 
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CHAPTER  XXVI 

Boommrai  ov  snni  abcb»iibidcwb 

Fob  some  twcnty-fivc  or  thirty  years  AmeiieaB  bridge  engineers  have 
been  sadly  in  need  of  reliable  informatum  oonoerning  certain  fundamental 
eoonomic  functions  of  steel  arob-bridges,  and  especiaUy  tbe  rdative  oosto 
of  such  structures  in  comparison  with  the  corresponding  truss  bridges. 
The  want  of  such  information  has  resulted  in  the  failure  of  American 
engineers  to  develop  the  steel  arch  and  to  use  it  in  places  where  it  would 
be  both  more  eoononiic  and  more  aesthetic  than  the  simple-truss  bridge. 
Wherever  the  governing  conditions  of  crossing  are  suitable  for  an  arch 
structure,  that  type  of  bridge  is  to  be  proferre<l;  for,  as  we  now  know,  the 
arcfai  in  all  places  where  its  use  is  really  justified,  is  less  expensive  than  the 
tniss  bridge. 

For  two  decades  or  more,  the  author  had  been  uiging  the  engineering 
pralesskm  to  make  cortain  investigations  which  would  settle  for  all  time 
every  uncertainty  concerning  the  eoonomics  of  designing  steet«rch  bridges^ 
as  well  as  the  relative  ooBtB  of  these  structures  in  comparison  with  the  cor- 
responding truss  bridges.  As  long  ago  as  1897,  when  he  wrote  "De 
Pontibus,"  he  appealed  to  the  engineering  profeasion  as  follows: 

In  eondttdinc  this  dutpter,  the  author  desires  to  call  attentkm  to  the  fact  that 
there  is  atiU  a  gnat  deal  to  be  learned  about  the  designing  of  anhee;  and  to  80g|[Ht 
that  some  profe^or  of  civil  enpnocring,  who  is  well  posted  on  bridge  designing  and 

who  has  time  to  spare,  could  spend  several  months  to  the  great  advantage  of 
the  engineering  profession  in  determining  the  proper  relations  of  span-lengths,  rise, 
arch  depth,  width  between  exterior  arches,  etc.,  for  the  varoua  styles  of  arch,  and  in 
ueertaining  the  rdative  eeonomiea  of  the  latter. 

During  the  eighteen  years  which  elapsed  between  the  issuing  of  "De 
Pontildis"  and  its  successor,  "Bridge  Engineering,"  the  author  made 
repeated  attempts  to  find  sume  bridge  engineer  who  would  be  wilhng  to 
undertiike  the  task  which  he  had  suggest<Hl — ^but  all  to  no  avail;  and  in 
the  la,st-meiitione(i  treatise  he  made  another  forcible  appeal  to  the  pro- 
fession to  undertake  the  re(niisite  investigations,  speaking  a.s  follows: 

For  many  yeais  tlie  author  has  been  endeavoring  to  establish  some 
approximate  relation  between  the  weights  of  metal  per  hneal  foot  for 
trusses  and  laterals  of  arch  bridges  and  those  for  the  corresponding  simple 
truss  bridges;  but  has  met  with  very  little  success.  He  once  submitt-ed 
the  question  to  his  brother  bridge  specialists  of  Ameriea,  but  they  were 
unable  to  throw  any  light  upon  the  subject,  because  their  opportunities  to 
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design  and  build  arch  bridges  had  hoen  few  and  far  between,  and  I)eCBU8e  the 
ratio  of  rise  to  span  has  a  great  effect  u])on  the  weight  of  metal  in  an  arch. 
Of  course,  there  is  for  any  span  length  some  economic  value  of  that  ratio; 
but  it  is  not  yet  known,  and  it  probably  varies  more  or  less  not  only  with 
tile  span  but  also  with  the  type  of  construction.  The  only  practicable 
method  of  detennining  the  original  question  would  be  to  settle  first  that 
of  the  eoononuo  ratios  of  rise  to  span,  design  a  few  arch  britlges  with  the 
Mid  ratios,  and  make  the  comparison.  This  would  have  to  be  done  for 
the  aolid-rib,  the  braced-rib,  and  the  spandrel-braced  types  to  make  the 
job  complete,  adopting  for  the  first  set  of  curves  the  three-hinged  type, 
and  altarwaid  modifying  the  resiilts  for  the  other  three  types  of  hinging. 
It  is  evident  that  the  amount  <rf  woric  involved  in  such  an  investigation 
would  be  immense.  It  should  be  done  by  an  experienced  bridge  designer, 
as  the  fosuhs  would  be  wortUcBB  if  obtained  by  any  other  investigator. 
The  author  suggests  that^one  of  his  younger  brothoHspedalists  undertake 
the  investigation." 

The  result  of  this  appeal,  as  in  all  previous  attempts,  was  absolutely ' 
nil;  and  in  1917,  despairing  of  ever  being  able  to  induce  anyone  to 
assume  the  obligation,  the  author  himself  shouldered  the  bufden  by 
making,  with  the  aid  of  one  of  his  assistants,  all  the  calculations  needed 
to  deteimiiie  eveiy  desired  point,  and  from  the  results  therarf  prepared 
a  paper  on  "The  Economics  of  Steel  Arch  Bridges,"  which  he  presented 
to  the  American  Society  of  Civil  Engineers.  As  soon  as  he  learned  of  itr 
acceptance  by  the  Publication  Committee,  he  sent  a  drcular  letter  to  all 
the  bridge  engmeers  in  America  wbsm  addresses  he  couM  obtain,  as  well 
aa  to  a  number  of  prominent  engineers  abroad,  inviting  them  to  discuss 
the  paper,  and  enclosing  the  following  i^ynopsis: 

Up  to  the  preeent  time,  nothing  at  all  certain  has  been  known  concerning  the 
eoonomioB  of  steel  aroh-bridgcs,  the  weights  of  metal  required  to  build  them,  or  bow 
th^X  eoiniMre  ill  oosi  with  the  conespooding  steel  tnin^ 

The  objeote  of  this  paper  and  ita  anticipated  di-sniHsions  are  to  settle  finally  every 
important  cponomic  (juestion  that  ran  arise  in  the  designing  of  sto<M  arches;  to  give 
formula;  and  diapranis  for  deterniininfi,  with  a  fair  amount  of  arcuracy,  the  weights  of 
metal  in  both  arch-bndges  as  a  whole  uud  the  urche:^  themselves;  and  to  indicate  the 
rehtiaot  between  the  weights  and  ooets  el  anh4>ridgcs  in  oomparisoik  with  those  of 
the  eomapoodfaig  troM^nidges. 

There  are  eight  eoonomie  problems  set  for  solution;  and  all  of  them  have  been 
solved — the  first  two  by  employing  eertain  ff)rmulH'  given  in  "Bridge  Engineering," 
and  the  other  six  by  means  of  a  lartrr'  nnmlH-r  of  speeial  arch-designs  and  the  resulting 
estimates  of  weights  of  metal.  Incidcniuliy,  during  the  investigation  there  have  arisen 
and  boeii  solved  a  few  ndnor  qnestions  iriiidi  may  properly  be  tenned  side-ianMi. 
The  eomputations  have  been  miide  for  both  taSttnj  and  lu^hway  arch-bridgee;  and 
the  weights  of  metal  are  plotted  for  both  carhon-Bteel  and  niflkel^«tecl  Btructuree. 
Severn!  di;iemms  are  given  to  show  the  peroeatage  effects  of  wei^t-inaeaae  due  to 
departure  from  economic  (X)nditions. 

The  need  for  the  si>ecial  knowledge  oonoeming  arch-bridges  presented  in  thie 
paper  has  been  reoogniied  during  the  last  three  decades  by  American  structund-eteel- 
CBfiBScn;  hot  the  authon  of  hooks  on  bridfos  (this  author  indaded)  have  hUlNvCo 
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«vt»M  th«  teue  beoMiw  of  the  immwuiB  amount  of  woA  bxfdhnd  in  the  eolntioa  of 

the  various  problems.  The  Mtthor  has  tried  of  Intf  years  on  several  occasions  to  pa<> 
puado  some  of  his  brothrr  onpnocrs  to  undertake  the  task:  hut  not  meeting  with  any 
success,  he  finally  decided  to  do  tlie  work  tiimself.  The  re^uhs  of  his  efforts  are  here- 
with presented  to  the  members  of  the  Society  with  a  most  earnest  request  for  a  thor- 
00^  dieouBion,  pertieulariy  by  thooe  who  qieeialiie  in  faridcBmnfc. 

The  principal  economic  proUenw  concerning  the  dmgfk  of  itacl  awMllidgea 
whieh  have  been  solved  for  this  paper  are  the  following: 

First.    The  eeononiic  ratio  of  rise  to  span-length. 

HecoTui.    The  economic  depths  for  the  ribs. 

fiM.  mie  wimininiie  looataoii  lor  the  ttomMagb  in  thfee^iinged,  apendwi-bcaeed 
■nhfls. 

Fourth.  T\\c  ratios  of  weigliti  of  metel  required  ISor  the  eolid4!ib^  ths  bneettrib^ 

and  the  s|);iTi(in  I-liraced  types. 

Fifth.  The  rutioi;  of  weights  of  metal  required  for  the  hingelees,  the  two-hinged, 
and  the  thrcc-hinged  types. 

Sixih.  The  eoonomicB  involved  by  making  ardies  throe-hinged  for  the  dead  load 
and  two^Jngtd  for  the  live  load. 

Set>enih.  The  economy  of  the  rantilcver-arch  with  suspended  end-qiaiii^  aa  ooaa* 
•  pared  with  an  ordinary  arch  and  <wo  flanking  simple-truss-spans. 

EigfUh.  The  ratios  of  weights  of  metal  required  for  certain  portions  of  arch 
bridges  as  compared  with  the  corresponding  portions  of  simple-tnias  bridges  of  the  same 
and  Hune  Ifve-feadHanying-capacity. 

In  answer  to  this  request)  a  number  of  engineers,  both  at  home  and 
abroad,  difloufleed  the  paper;  and  their  discussions  have  been  printed  in 
several  oopies  of  the  Society's  "Proceedings  "  Those  discussioiis  have 
been  thoroui^y  analyzed  and  replied  to  in  the  closure  of  the  menroir. 

With  one  excoption,  the  discussions  did  not  result  in  the  modification 
of  any  of  the  author's  findings — and  in  that  one  the  change  was  not  serious. 
It  was  pointed  out  by  him  that  the  first  two  problems  were  solved  by  the 
use  of  certain  semi-rational,  semi-empirical  fornnihr  for  weights  of  metal 
in  arches  established  in  Chapter  XXVI  of  "Bridge  Engineering,"  but  that 
the  other  six  were  settled  by  means  of  actual  oomputations  of  weights  of 
metal  determined  from  specially-prepared  diagrams  of  stresses  and  sec- 
tional areas  of  main  members. 

Mr.  Charles  Evan  Fowler  in  his  thorough  and  elaborate  discussion, 
including  a  tabulation  of  tlie  salient  features  and  dimensions  of  one 
hundred  of  the  world's  larc:est  steel-arch-bridgos,  showed  that  the  author's 
finding  for  economic  ratios  of  rise  to  span-length  ap;reefl  fairly  well  with  the 
averages  computed  from  existing  structures,  but  that  his  deduced  economic 
ratio  of  depth  of  arch-ring  to  span-length  did  not ;  whereupon  the  author 
agreed  to  settle  this  question  hej'ond  a  doubt  Ity  submitting  it  to  the 
incontrovertible  test  of  making  actual  (lesigns  and  e.stimates  of  weights 
for  arclics  of  500-feet  sj)an,  of  economic  ratio  of  rise  to  span-length,  and 
having  regularly-varying  deptlis  of  arch  ril)s,  so  as  to  determine  tlie  depth 
producing  the  least  weight  of  metal.  This  was  done;  and  the  results  of 
the  special  calculations  w(>re  u:\vrn  in  the  resume,  which  showed  that,  for 
short-span  railroad  arch-bridges,  the  previous  finding  was  correct,  but  that, 
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for  the  corresponding  long-span  structures,  it  was  somewhat  too  great — 
also  that  the  conclusion  to  the  effect  that  the  economic  depth  lor  arch  libs 
is  the  same  for  both  railway  and  highway  bridges  is  wrong.  Tb»  reason 
for  the  variation  in  the  two  findings  is  that  the  weight  formuke,  upon  which 
the  first  investigation  was  made,  were  of  too  empirical  a  nature  to  wanant 
their  use  for  an  exact  determination  of  eamomic  depth  of  arch  rib. 

FVom  the  original  paper,  the  discussions,  and  the  r68Uiii6,  the  foUowing 
answers  to  the  set  questions  have  been  reached : 

First.  For  three-hinged  arches  with  the  grade  line  approximately  tan- 
gent to  the  top  chord  of  the  arch  at  the  crown,  the  average  eoonomic 


mtios  ol  rise  to  span-length  aro  as  follows: 

Solid-rib  structures  0.2 

Braoed-rib  structures.  0.225 

Spandrel-braced  structures  (with  hinge  above)  0.25 


These  values  may  be  either  increased  or  decreased  by  0.025  without 
making  any  material  difference  in  the  economics. 

For  three-hinged,  half-through  arcli-bridgcfly  the  average  economic 


ratios  for  rise  to  span-length  are  as  follows: 

Solid-rib  structures.  0.225 

Braoed-rib  structures  0.3 

For  three-hinged,  high-deck  arch-bridges,  they  are  as  follows: 

Solid-rib  structures  0.25  to  0.28 

Braced-rib  structures  0.33  to  0.38 


For  two-hin^cd  arches  and  combined  two-hinged  and  three-hinged 
arches,  the  economic  ratios  of  rise  to  span  will  be  practically  the  same  as 
for  three-hinged  structures. 

For  tlie  hingeless  arch,  a  somewhat  greater  ratio  of  rise  to  span  tlian 
that  for  the  three-liinjicd  arch  is  economical.  The  single  test  of  this  made 
for  the  oOO-ft.  span  iiuUcalcs  that  the  best  ratio  is  al>out  0.28  with  low- 
grade  fleck,  O.'S'A  for  iialf-througli  ardies,  and  U.38  with  high-grade  deck. 

Svcond.  In  respect  to  sohd-rib  arches,  the  question  of  economic 
rib-depth  docs  not  arise;  for  the  depth  should  always  he  made  as  great  as 
a  proper  consid(Mution  of  the  section  for  r(\<istin^i;  coiiijircssion  will  permit, 
and  with  regard  to  shipping  restrictions  concerning  limiting  sizes  of 
single  pieces.  For  braced-rih,  three-hinged  arches  in  steam-railroad 
bridges,  the  economic  rilwle[)th  varies  from  7.8%  of  the  span-length  for 
100-ft.  spans  to  5.3'  ^  thereof  foi-  1000-ft.  spans;  and  for  highway  bridges 
the  correspoiKhng  variation  is  from  ').H^l  to  4.2%,  as  shown  in  Fig.  26a. 

The  efTects  on  ril)  weiuhts  from  using  uneconomic  rilwlepths  in  braced- 
rib  arclies  for  botii  railway  and  highway  britlges  are  given  in  Fig.  266. 

Third.  It  was  found  for  all  cases  that  the  most  economic  location  for 
the  crown-hinge  iu  u  spaudrel-braced  arch  is  in  the  top  chord.   In  braced- 
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Fio.  26b.  EfifeotA  on  Ril>Weig)it8  {rom  Usin;;  Uoeoonaiiuo  £ibJ)epU»  m  Baoad-Bib 

Arches, 
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rib  and  aolid-rib  arches,  however,  the  hinge  should  always  be  placed  at  midr 
ciepth,  80  as  to  distribute  properly  the  thrust  over  the  two  chords. 

Fourth.  Comparing  the  economics  of  solid-rib,  braced-rib,  and  qMUDh 
drd-braced  arches,  it  was  found  that  the  first  nieiilioned  is  always  coo- 
giderably  heavier  than  either  of  the  others;  and,  under  normal  conditions 
ol  the  metal  market,  it  is  also  mofe  expensive.  The  spandrel-braced-arch 
requiiw  for  kmg  apaiiB  a  little  more  metal  than  the  braoed-rib  arch;  but. 


Stan,  in  Feet 


FlO.  26c.   Ratio  of  Wciphts  of  Metal  in  Ilinpclcss  Arches  ns  Compaiod  with  Three- 
Hinged  Arches  for  botli  Railway  and  Highway  Bridges. 

in  case  of  rantileverinp,  this  would  peneralh''  be  offset  by  the  extra  quan- 
tity of  erection  metal  nei^ied  for  the  braeed-rib  structure.  In  short  spans, 
the  spandrel-l)raeed  arcli  is  a  trille  the  lighter. 

Fifth.  Cornparin^z;  three-hinged,  two-hiojced,  and  hingeless  arches,  it 
was  found  thnt  the  threi^hinged  is  a  little  lienvier  than  the  two-hinged, 
but  nearly  always  lighter  than  the  liingclcss.  The  varialions  in  weight 
among  the  three  types,  however,  are  never  great.  Tn  I'^ig.  2i\r  aic  given 
ratios  of  weights  of  metal  in  hingeless  arches  as  compared  with  three- 
hinged  arches  for  both  railway  and  highway  bridges. 
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8ixlh.  The  oombinAtion  of  three  hingn  for  dead  load  and  two  hingei 
for  live  Itmd  produooB  very  little  saving  over  the  three-hinged  type;  but 
it  adds  materially  to  the  rigidity.  In  the  writer's  opinioiiy  the  oombined 
type  is  preferable  to  any  of  the  others. 

S&mUh,  When  an  areh  is  flanked  by  other  spans  than  arches,  there  is 
generally  quite  a  little  economy  involved  by  oantikvering  the  ends  of  the 
arch  and  shortening  the  longtha  of  the  simple  spans.  The  best  proportions 
for  lengths  of  cantilever  arm  and  suspended  apui  to  total  length  of  flanking 
span  are,  respectively,  0.4  and  0.6. 

Eighth,  The  ratios  of  weights  of  arches  to  the  weights  of  the  oone- 
sponding  simple  spans  for  both  railway  and  highway  bridges  have  been 
determined  and  plotted.  As  was  anticipated,  the  arch  usually  effects  a 
greater  relative  economy  in  highway  structures  than  in  niOway  structures 
of  the  same  span  length;  and  the  longer  the  span  the  greater  always  is  the 
proportionate  saving  of  metaL  The  results  of  this  investigation  are  shown 
inFig.26d. 


Sp*n,  In  Foet. 

Flo.  2Gd.  Perconf  ncf^s  to  Apply  to  Weights  of  Metal  in  Trusses  of  Sirnple-Tniss  Spans 
in  Order  to  1'  ind  the  Weights  for  Arch-Ribs  and  the  >SuperiuipotHxl  Columus,  with 
their  Bndnf^  to  Omij  the  Suns  live  Loads. 

In  concluding  his  paper,  the  author  quoted  as  follows  from  "Bridge 
Engineering": 

In  dealing  with  the  comparative  economics  of  arches  and  simple  trOMi,  it  must  not 
be  forgotten  that  there  are  other  faetoie  than  mere  weight  of  metal  involved;  for  the 
pound  price  of  the  manufactured  material  is  generally  somewhat  greater  for  the  former, 

and  sometimes  the  rnst  f>f  erertinn  also  is  larger.  Again,  the  comparison  of  the  costs 
of  arch  superstructures  and  truas  superstructures  alone  is  not  of  miioli  jmpfflrtinim,  for 
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•A  •wmonric  bnrcaiigKtioii,  to  be  of  any  value,  must  include  both  sofastnicbire  and 
•iq;>er»truct  ure ;  and  the  oost^  of  the  former  tM  likely  to  bo  veiy  difEtrant  in  arofa  ^Iwfgp^f 
and  aimple-truas  deeigns  for  any  crosBiiig. 

Some  ol  the  solutions  of  tke  "side  issues"  zeferred  to  in  the  preceding 
''Synopsis"  are  the  following: 

PinL  The  peroentages  to  to  weii^ts  of  metal  in  simple-tniss 
spans,  in  order  to  find  the  weights  for  aidi  ribs  and  the  superimposed  ool- 
umns  with  thdr  bnusing  to  oany  the  same  live  loads^  are  given  by  the 
following  equations: 

For  steam-railway  structures: 

p.lO6-O.0aS(  [Eq.  1] 

For  electric-railway  btructures: 

P-g3-0.07iS[  [Eq.  2^ 

For  highway  structures 

/>s80-0.05QS  [Eq.  3] 

In  these  equations  S  is  the  sjmn-length  in  feet,  and  P  is  the  ixrcciitagc 
to  apply  to  the  weight  of  metal  in  the  trusses  of  any  siniplc-truss  bridge,  in 
Older  to  ascertain  the  weight  of  metal  in  the  corresponding  arches  and  the 
superimposed  colunms  with  their  bracing.  It  must  not  be  forgotten 
that  the  superior  limit  of  iS  in  these  equations  is  about  1000-ft.,  which  is  as 
far  as  the  recorded  weights  of  simple-truss  spans  are  carried,  and  that  the 
inferior  limit  is  10(^1  In  Fig.  26d  are  plotted  curves  giving  the  same 
information  as  that  presented  in  the  three  preceding  equations. 

Second,  It  is  evident  from  the  computations  and  the  resultant  diagrams 
that  the  arch  is  more  economical  for  highway  bridges  and  for  combined 
highway  and  electric-railway  bridges  than  for  steam-railway  structures. 
This  is  because  of  the  smaller  ratio  of  live  load  plus  impact  to  total  load  in 
the  former.  Tbe  larger  the  dead  load  of  the  flooring  and  floor-system,  the 
more  advantageous  is  it  for  the  arch  structure  in  comparison  with  the  truss 
bridge. 

Third.  Based  on  the  numerous  weifi^t  computations  made  specially 
for  the  preparation  of  the  paper,  the  following  foimulsi  for  weights  of  metal 
in  the  arches  alone,  per  lineal  foot  of  span,  in  aiefa  bridges  of  the  several 
^pes,  have  been  established: 

For  Three-Hinged  Arches: 

TT.-  (0.000282D+0.00042fiL)l  [Eq.  4] 

For  Two-Hinged  Arches: 

ir."(o.ooo24az)+o.ooo4iaL)2  [Eq.q 

For  Combined  Two-Hinged  and  Three-Hinged  Arches: 

V*'«  =  (0.000282Z>-i-0.00(HltiL)Z  [Eq.  6] 
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IVxrHiiigdaB  Arches: 

Wa  =  (0 .  CM)(J272/>+0 .  (mmL)l  lEq.  7] 

These  four  formuhe  are  baaed  on  the  author's  publislx  d  designing  speci- 
fications, which  treat  leveraing  stresses  by  adding  one-half  of  the  smaller 
Btrass  to  the  larger  stress  and  proportaoning  for  the  sum;  but  if  the  effect  of 
ie\'orsion  is  ontirrl}'  ignorodi  as  scme  engineen  deem  proper^  tlisie  fonmibB 
will  reduce  to  the  following: 

For  Three-Hinged  Arches: 

H  '.-  (O.O0U292i>+0.O0O39tiL)i  [Bq.  8J 

For  Two-Hinged  Arches 

TT'.- (O.O0O258D+O.00O38OL)I  [Eq.  9] 

For  Combined  IVo-Hiugcd  and  Throe-Hinged  Arches 

1f'«"(0.00(1202D-f-0.00038QL)l  [Eq.  10] 

For  Hingeless  Arches 

TPa=(O.OOO27OL>+U.0UO398L)?  [Eq.  llj 

In£qiiations  (D  to  (11)  inclusive,  Wa,  or  W'a,  is  the  weight  of  metal, 
in  pounds  per  lineal  foot  of  span,  in  the  arches  of  the  structure;  D  is  the 
dead  load,  in  pounds  i^er  lineal  foot  of  span;  L  is  the  live  load  plus  impact, 
in  pounds  per  lineal  foot,  used  in  making  the  calculations;  audi  is  the  span 
length,  in  feet.  These  eight  equations  will  give  fairly  accurate  resuHs 
(slightly  on  the  side  of  safety)  for  ordinary  conditions  which  do  not  vary 
greatly  from  the  theoretically  economic  ones. 

In  computing  the  value  of  L  for  insertion  in  Equations  f 4)  to  (11),  inclu- 
sive, the  equivalent  uniform  Uve  load  and  the  impact  should  be  determined 
for  the  half-span-length. 

Fourth.  From  the  fomiiilir  given  above  for  weights  of  arch  ribs,  some 
interesting  deductions  may  be  drawn.  For  instance,  in  Equation  (4),  vis., 

Tr«»  (0.000282D-|-0.000426L)Z, 

the  dead  load,  D,  is  composed  of  the  rib  weight,  Wa,  plus  the  weight  of  floor, 
colunms,  lateral  system,  etc.,  all  of  which  may  be  grouped  under  the 
symbol,  W',  making  the  e<]uation 

TF.=  (0.000282JV'«+O.UU0282ff'-|-0.000426L)i  . 

Solving  this  gives 

(O.000282Ty^-fO.000i26L)t 
1-0.000282{ 

In  order  that  Wa  may  be  infinitely  great,  the  divisor  of  the  Beoond  term  must 
be  equal  to  zero,  or 
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TUb  m  the  theoretioai  limiting  span-length  for  three^unged  arohee  of 
Ottrbon  sted,  or  the  span  at  which  such  an  arch  could  cany  nothing  but 
its  own  weight  without  being  over-stressed.  It  will  be  noted  that  this 
limiting  length  is  the  reciprocal  of  the  dead-load  coefficient  in  Etjuation  (4), 
and  thataTertacal  line  on  the  diagram  of  arch-r^b  weights  |H>r  Uneal  foot  of 
span,  drawn  through  the  abscissa  point  which  represents  this  value  of  I, 
will  ho  as>nnptotic  to  the  weight  curve. 

Fifth,  From  the  curves  in  the  diagrams  it  is  possible  to  determine  the 
economio  or  practicable  limit  of  arch  spans,  by  assuming,  as  the  author 
did  years  ago  m  his  economio  investigations  for  cantilevers^  that  the  said 


Mm     m    tm    tm    im  im 

SfMin.  in  Feet 


Ra26e.    WeightB  of  Metal  in  Doublo-Trark,  St  onm-Railwny,  Long-Span  Arch- 

Uridgus  of  Carbuu  Steel  fur  ClatitHX)  Live-Load. 

limit  is  roachoc!  when  it  lakes  4 5  lbs.  of  metal  to  carry  1  lb.  of  live  load.  On 
that  ba.sis,  and  a-ssurning  that  the  c(|uivalent  unifonii  live  load  jxt  lineal  foot 
f<Mralong  span  is  tHjual  to  the  car  load  per  lineal  foot,  the  limiting  weight  of 
metal  per  foot  for  carbon-steel,  double-track,  steam-railway  bridges  of 
Class  60  would  be  4.5X12,000  =  54,000  lbs.  Referring  to  Fig.  26c,  it  is 
found  that  the  span  for  that  weight  is  nearly  2,100  ft.;  conscciuently,  gen- 
erally speaking,  it  may  be  stated  that,  for  steam-railway  arch-bridges  of 
carbon  steel,  the  limiting  length  of  sp)an  is  about  2,000  ft.,  or  the  same  as  the 
limiting  length  of  main  opening  in  cantilever  bridges  V)uilt  of  the  same 
material.  Judging  by  analog>',  the  corresponding  practicable  limiting 
length  of  nickd-Rted  areh-spans  is  about  2,600  ft. 

Sixth.   It  is  impracticable  to  take  the  substructure  into  account  when 
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making  general  economic  investigations  for  arch  bridges,  because  no  two 
examples  thereof  are  alike.  In  case  of  a  succession  of  long  spans  in  which 
there  is  a  choice  of  rise,  a  tentative  layout  should  Ije  made  using  the  antici- 
pated economic  ratio  of  rise  to  span-length  when  both  substructure  and 
superstructure  costs  are  considered,  then  the  costs  of  piers  and  spans  should 


mmm 


UO        ttJS        0.»        012C  0.30 

BatiM  of  SiM  to  S[Nui  Length. 

FlQ.  2Qf.    Economics  of  Solid-Rib  Arches,  with  C'ohimna  and  Bracing,  for  Steam- 
Railway  Structures,  in  Relation  to  liatius  uf  Riac  to  Span-Length. 

be  oomputed,  the  uneoonomio  effect  of  departiiig  from  the  establidied 
eoononiio  ratio  of  rise  to  Bpan-kngth,  ghren  in  Figs.  2Vto26»,  inchirive, 
bdng  employed  to  caleukte  the  weighta  of  metal  from  those  ahofwn  in 
eertain  other  diagrams. 

Nest,  this  woik  should  be  repeated  for  a  slightly  greater  ratio  of  rise 
to  span-leiigth,  and  then  for  a  slightly  smaller  ratio  thereof.  These  three 
eets  of  computations  would  probably  determine  the  best  ratio  to  adopt; 
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boti  if  not,  still  another  set  of  calculations  would  be  neoesBuy.  Tbe  com- 
putation work  involved  in  this  investigation  k  not  as  great  as  a  peruaal  of 
the  pieceding  directions  might  lead  one  to  sunnise,  especially  alter  the 
eomputor  has  become  accustomed  to  utflinng  the  diagrams  (rf  the  paper  and 
to  estimating  quickly  the  appfoodmate  quantities  ol  masoniy  in  aroh  piera. 


no.  260*    Economics  of  S<»li(l-Hih  Arrhes  fur  Stoam-Raihvay  Stnirtures  (Ribs  AloM 
CJousidercUj,  in  Kelatiou  to  liatiuis  of  iiise  to  iSpaa-Leugth. 

SeverUh.  In  the  cantilever  arch  the  retluction  of  the  horizontal  thrusts 
at  the  tope  of  the  piers,  as  compLred  with  simple  or  non-cantilevered  arches, 
efifects  a  decided  saving  in  the  cost  of  the  said  piei-s;  and  the  greater  the 
proportionate  lengths  of  the  flanking  spans  to  tlie  arch  span,  the  larger  the 
economy  in  pier  material. 

Eighth.  Some  engineers  who  adhere  to  old-fashioned  notions  contend 
that  both  masonry  and  steel  arch-bridges  are  apphcable  to  bed-rock  foun- 
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dfttions  only,  and  that  the  piers  and  abutment.s  therefor  should  never  rasi 
OD  pike.  While  it  is  true  that  bed-rock  is  the  ideal  foundation  for  such 
structures,  pile  foundations  can  he  made  entirely  satisfaetofy,  provided  that 
the  masonry  of  the  bases  is  carried  well  down  into  firm  material  which  is 
capable  of  resisting  properly  the  faoriaontal  thrusts.  It  is  not  legitimate  to 
count  upon  the  horizontal  resistance  of  the  piles;  and  it  would  be  criminal 
practice  to  rvnt  the  piers  and  ahutincnts  of  an  arch  bridge  on  pik^  the  tops 
<rf  Avhich  Ih'Iow  the  pier  bases  :u-t  like  stilts  because  (d  p—""e  through  soft 
material  before  reaching  a  hard  bearing. 


olu     <kS>     o.a  OLia 

Ratloa  of  RIm  to  Span  Lencfh 


FlQ,  26^    Economics  of  Braced-Rib  Archer,  witli  Columns  and  Bracing,  for  Steam- 
Railway  Structures,  in  Relation  to  Ratioe  of  Riae  to  Span-Length. 


NiuLh.  As  statefl  by  Mr.  F.  II.  l'r;inkland  in  his  discussion,  "in  respect 
to  arch  desi^ninjr,  tlie  proixT  dt'tciniination  of  the  true  economics  calls  for 
more  judgment  on  the  part  of  the  designing  engineer  than  with  any  other 
type  of  bridge." 

The  paper  and  the  rdsumd  combined  contain  twenty-six  diagrams,  of 
which  only  ten  have  been  reproduced  in  this  chapter;  hence  the  reader 
who  desires  to  utilize  the  results  of  that  investigation,  is  referred  to  the 
paper  itself,  which,  with  all  the  discussions  and  the  rfisumfi^  k  Boon  to  be 
published  in  the  "Transactions"  of  the  American  Society  of  Civil  Engi- 
neers. 

As  previously  indicated,  the  comparative  economics  of  steel  arch-bridges 
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and  the  oomBpoiiding  bridges  off  mnpIe-trusB  or  cantflevor  type  depend 
greatly  upon  the  governing  oonditionB  for  the  substrueture,  and  that,  as 
these  ahnost  invariaUy  dififer  essentially  at  proposed  crossingB,  it  is  imprao- 
tksaUe  to  determine  in  general  the  economics  of  subetnictm«  for  such  comp- 


I 

Fio.  36t.  EoooomioB  of  Biaoed-Rib  ArdiM  for  Stetm-Bailway  StnictureB  (Ribo  Alone  | 
OoDsidsrad),  in  Hdatkm  to  Ratios  of  Rise  to  Spai^Leogth. 

I 

1 

parisons,  each  case  having  to  be  treated  upon  its  own  merits.  While  this 
is  certainly  true,  it  is  practicable,  nevertheless,  to  outiine  some  general 
principles  that  will  enable  a  bridge  designer  to  determine  readily  the  suit- 
ability of  any  proposed  crossing  for  an  arch  layout,  as  affected  by  sub- 
Btructure  conditions;  and  the  author  offers  the  following:  ^ 
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First.  Where  there  is  a  gorge  with  steep,  rocky  sides  to  be  crossed  by  a 
single  span,  the  arch  is  eminently  suitable;  for  not  only  does  it  reduce  the 


Fia.  2(v.    Canadian  Northern  Pacific  Ilailway  Bridge  over  the  Fraser  River  at 

Lytton,  B.  C 


Fio.  26it.    Arch  Bridjjp  over  the  Waikato  River  at  Hamilton,  N.  Z. 

required  volume  of  masonr>'  to  a  minimum  but  also  it  brings  the  pressure 
on  the  rock  foundations  practirally  nomial  to  the  surface — a  consideration 
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often  of  great  imjwrtiinco  wlicn  the  rock  would  be  subject  to  slip  under 
vertical  loading.  .A  good  illustration  of  such  a  condition  is  the  author's 
Frascr  River  Bridge  at  Lytton,  Britisii  Columbia,  shown  in  Fig.  26;. 

Second.  Where  there  is  a  navigable  stream  to  bv.  crossed  by  a  single 
span,  and  whore  the  material  near  tlie  water's  edge  is  either  rock  or  some 
fairly-hard  material,  such  as  shale  or  stiflF  clay,  a  deck  truss-bridge  would  be 
inadmissible  on  account  of  navigation,  and  a  through  truss-bridge  would 
involve  high,  expensive  piers;  hence,  under  these  circumstances,  an  arch 
structure  would  Ik?  econonuc.  Two  of  the  author's  bridges  over  the 
Waikato  River  in  New  Zealand,  shown  in  Figs.  20^•  and  20/,  illustrate  such 
conditions. 


Fio,  2G^.    Arch  Rridgo  over  the  Waikato  River  at  Cambridge,  N.  Z. 


Third.  \Vhere  the  foundations  of  a  wide  crossing  are  either  solid  rock  or 
some  other  hard  material  lying  close  t-o  the  bed  of  the  stream  or  to  the  sur- 
face of  the  banks  thereof,  and  where  the  grade  line  is  rtnicli  above  the  high- 
water  line,  a  layout  consisting  of  a  succession  of  arch  spans  will  frequently 
be  economic.  The  springings  of  the  arches  can  l)e  brought  down  close  to 
the  high-water  line  or  to  the  ground,  as  the  case  may  be.  giving  small 
piers;  whereas,  for  a  fleck  simple-tniss  layout,  much  higher  piers  would  be 
refjuired.  An  excellent  illustration  of  such  conditions  is  given  by  the 
author's  highway  bridge  over  the  Arroyo  Seco  at  Pasiidena,  Calif.,  shown  in 
Fig.  26w. 
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Another  illustration  of  the  said 


)ns,  in  which  the  economic  advan- 
tage of  the  arch  is  not  so  marked, 
is  the  author's  combined-high- 
way-and-clectric-railway  bridge 
over  the  Colorado  River  at 
Austin,  Texas,  shown  in  Fig.  26n. 
Here  the  vertical  distance  from 
high-water  to  pier-base  is  con- 
siderable, thus  rendering  the  piers 
much  more  expensive  than  those 
of  tlie  Pasadena  structure. 

Where  the  foundation-level 
is  much  below  the  river-bed, 
the  conditions  are  not  favorable 
to  the  arch;  because,  in  order 
properly  to  resist  the  horizontal 
thrust,  the  piers  have  to  be 
made  much  wider  ^than  those 
for  simple-truss  spans. 

Before  concluding,  it  might 
be  well  to  quote  the  following 
caution  given  by  the  author  to 
those  intending  to  utilize  the  ' 
information  furnished  in  his 
memoir: 

The  varioiw  formulip  and  dia- 
KTaim  in  this  {mpcr  are  to  be  con- 
sidered as  merely  approximate;  and 
though  they  are  sufficiently  accurate 
for  prcliminar>'  estimates  and  for  ob- 
tnining  trial  dead  loads,  they  should 
not  be  used  by  contractors  in  tender- 
ing on  work.  The  reason  for  this 
uncertainty  is  that  the  varying  physi- 
cal conditions  at  different  crossings 
affect  the  arch  layouts  to  such  an 
extent  as  materially  to  influence  the 
weight  of  metal  retjuired.  As  the 
formula?  were  based  on  economic 
functions,  the  weightu  given  by  their 
use  might  very  projM>rIy  be  considered 
as  the  minima  possible;  and  any  un- 
economic conditions  which  may  exist 
will  involve  an  increase  thereof,  the 
amount  being  a  matter  to  be  deter- 
mined by  the  computer's  judgment. 
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The  usual  railway  steel  trestle  consistB  of  alternate  towcre  and  inter- 
mediate spans.   In  determining  the  economic  span-lengths  for  such  a 

atructure,  there  are  two  separate  factors  to  be  studied: 

1.  The  ratio  of  length  of  intenuediatc  span  to  that  of  tower-qnUL 

2.  The  distance  from  center  to  center  of  towers. 

Investigation  of  the  first  of  these  factors  for  a  single-track-railway 
trestle  shows  that,  for  ("lass  10  loading,  the  length  of  tower-span  should  var>' 
from  44  per  cent  of  the  distance  Ix^tween  centers  of  towers  for  a  trestle  60 
feet  high,  to  35  per  cent  thereof  for  one  240  feet  hi^h,  the  length  of  inter- 
mediate span  for  these  limits  l>eing  from  1.27  to  1.86  times  that  of  the  tower- 
span.  For  a  Cla.ss  70  loading  the  corresponding  percentages  for  tower-spans 
vary  from  40  to  3S,  and  the  corresix)nding  span-ratios  from  LIS  to  1.63. 
After  tho  hrst  factor  has  been  investigated  the  second  one  can  be  deter- 
mined. 

Fig.  27a  gives  the  economic  distances  from  eeiiter  to  center  of  towere 
and  tlu:  economic  lengths  of  intermediate  and  tower-.spans  for  single-track 
railway  trestles,  varying  in  height  from  <>0  feet  to  2H)  feet,  and  for  C  lasses 
40  to  70.  Considerable  variation  from  tlir>c  economic  relations  will  affect 
the  total  wtMghls  hut  slightly.  It  will  l>e  noted  that  the  economic  lengths 
are  considerably  greater  for  light  loadings  than  for  heavy  ones. 

Fig.  oooo  on  page  r2")9  of  "Bri<lge  Engineering"  covers  the  same  data 
as  Fig.  27a,  but  the  lengths  there  given  are  incorrect.  In  the  investigation 
for  Fig.  55<)o  no  attempt  was  made  to  ascertain  the  economic  ratio  of 
intermediate  span-length  to  tower  span-length,  it  being  assumed  that  it 
would  be  sufficiently  accurate,  in  deterniinmg  the  economic  distance  from 
center  to  center  of  towers,  to  consider  the  length  of  the  tower-span  fixed, 
and  to  vary  the  length  of  the  intermediate  span  only. 

The  weights  of  longitudinal  bracing  given  in  Fig.  55pp  on  page  1260  of 
"Bridge  Engineering"  are  also  incorrect.  The  weights  should  vary  from 
450  pounds  per  vertical  foot  for  SCMoot  tower-spans  to  580  poundB  for  60- 
foot  tower-spans,  being  independent  of  the  height. 

The  total  weights  of  metal  given  by  Fig.  55rr  on  page  1262  of  "Bridge 
Engineering"  are  but  slightly  in  error,  being  about  2  per  cent  too  great  for 
a  60-foot  height,  and  about  6  per  cent  too  small  for  a  240-foot  height. 

In  Fig.  276  are  given  the  economic  span-lengths  for  various  heights  ol 
low,  sinfj^e-track-raiiway  tresUes  consisting  of  towers  with  two  rodcer 
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bents  between,  ais  shown  in  a  corner  of  the  diagram.  It  will  be  noted  that, 
as  in  the  previous  type,  the  lighter  the  live  load  the  greater  the  eoonomiD 


Fiti.  27a.    Ecuuumic  ^pau-Lcugtlis  for  High,  ginglc-Tntck-Railway  Trestles. 

■pan4ength.  It  has  been  assumed  that  the  length  of  tower^pan  would  in 
all  eaaea  be  30  feet  Actually,  this  length  should  vary  somewhat,  increa»- 

Digitized  by  Google 


252 


SC0M0BIIC8  OF 


BWOBK 


XXVU 


isg  slightly  with  the  height;  but  the  resultixig  error  in  the  total  weights  of 
metal  will  be  negligible. 

For  doublc-traek-railway  trestles  consisting  of  alternate  tower-spans 
and  intennediatc-spans,  and  having  two  ])lanes  of  longitudinal  bracing, 
the  ratio  of  intermediate-span-length  to  towcr-si)an-length  is  a  trifle  less 
than  for  the  single-traek  trestle,  the  valnes  for  (  Uuss  40  being  about  1  .US  for 
a  60-foot  height,  and  l.'in  for  a  240-foot  lieigiit.  The  corres[K)ntling  values 
for  Class  70  are  l.On  and  l.:U.  The  e<'ononiic  distances  from  center  to 
center  of  towers  are  S')  or  90  per  cent  of  tht)se  for  a  single-track  tn>stle. 
The  lengths  of  tower-sjians  aie  about  the  same  jis  for  the  single-track 
trestles,  but  the  lengtliii  of  iuternicdiate-epaiis  aie  only  about  80  per  cent 
as  great. 


9  9       30  40 

Fia.27b.  Eoonomte  gpn-Lengt^  far  Low,  gm^Ttack-Raihray  Tregtkg. 


The  eoonotnicB  for  low,  double-track-railway  trestles  of  the  t>'pe 
shown  in  Fig.  276  arc  as  follows: 

The  lengths  of  the  tower-spans  will  be  identical  with  those  for  like 
single-track-railway  trestles,  and  those  of  the  intermediate  spans  about 
ninety  per  cent  of  the  corresponding  lengths  for  same. 

Strictly  speaking,  the  costs  of  the  pedestals  should  be  figured  in  comput- 
ing the  economic  span-lengths,  but  for  bare  rock  foundations  they  are 
insignificant  and,  therefore,  negligible;  for  pile  foundations  and  qnead 
foundations  on  soft  soil  they  are  almost  constant  per  lineal  foot  of  structure, 
irrespective  of  the  span-lengths,  and  consequent^  also  nef^igible;  and  it  is 
only  when  the  pedestals  have  to  penetrate  deeply  into  the  ground  and  rest 
on  fairly  hard  soil  that  their  cost  becomes  infiuentiaL  Their  effect  is  to 
increase  the  economic  lengths  of  both  the  intermediate  and  the  tower  Bpaas^ 
although  probably  not  more  than  a  few  feet. 

The  economic  span-lengths  for  hii^way  trestles  with  two  lines  of  main 
girders  will  generally  be  a  trifle  greater  than  those  for  Class  40,  single- 
track-railway  trestles;  and  for  like  structures  with  several  lines  of  main 
girders  th^  will  be  somewhat  larger  than  those  for  Class  40,  double-track- 
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nilway  trestles.  The  economic  lengths  will  he  greater  for  light  live  loads 
and  timber  decks  than  for  heavy  live  loads  and  concrete  decks. 

The  econoillieB  of  column  spacing  for  bents  when  cantilever  brackets  are 
emplojfed  is  an  interesting  Uttle  problem,  but  the  final  determination  must 
be  in  accordance  with  good  judgment  as  well  iis  economy;  for  if  the  sjmcing 
be  too  small,  rigidity  is  Ukely  to  be  sacrificed.  I  j)on  certain  assumptions 
of  approximate  correctness  the  mathematical  solution  of  this  probloni  is  a 
pos.sibility ;  but  the  e<j nations  involved  would  be  so  complicated  tliat  it  is 
much  better  for  any  particular  ca.se  to  jussume  two  or  three  sjiacings,  com- 
pute the  total  weight  of  metal  in  the  bent  for  each,  and  tind  the  one  which 
will  give  approxi  iiatcly  the  least  weight  of  metal.  If  the  colunuis  are 
placed  at  the  (|uarter  [M)ints  of  the  beam,  the  dead-load  bciidiiiji-moment 
at  the  middle  will  be  ai)proxiinately  zi-ro;  and  if  tlie  elTect  of  stress  rever- 
sion is  ignored,  thi'  direct  and  the  reverse  bending  moments  for  the  central 
portion  of  the  beam  will  Ix'  niual,  and  tliis  arrangement  would  Ix*  al)()ut  the 
most  economical  |)ossible.  Hut  if  reversion  is  considered,  the  sectional 
area  of  the  middle-portion  of  the  Ix'am  nuist  be  greater  than  that  of  the 
outside  portions,  hence  for  economy  its  length  should  l3c  somewhat  less 
than  one-half  of  the  total,  and  the  columns  would  then  l>e  spaced  somewhat 
closer  than  when  they  are  located  at  the  quart<^r  points.  Tlie  fact  that  the 
brackets  are  usually  hghter  near  the  outer  ends  than  at  the  inner  ones 
would,  for  economy,  tend  to  draw  the  columns  together;  but,  on  the  other 
hand,  this  would  increase  the  weight  of  the  splices  and  connecting  details. 
The  proper  column  spacing  to  adopt  will  depend  upon  the  length  of  the 
oolumns;  for  it  is  easily  ocmoeivable  that  the  structure  could  be  so  high  and 
80  nanow  that  the  quarter-point  spacing  would  be  too  dose  for  proper 
ranatanee  to  wind  pressure.  Again,  in  such  a  caae  the  wind  load  might 
be  so  great  as  to  necessitate  an  increase  in  column -section  aboTe  that 
required  to  care  for  the  live  and  dead  load  stresses  only ;  and  thus  the  effect 
of  wind  pressure  would  enter  the  economic  study.  It  will  be  found  in  most 
cases  that  it  is  inadvisable  to  space  the  columns  much  less  than  one-half  of 
the  total  length  of  the  beam. 

Elkvated  Railhoads 

In  respect  to  the  economics  for  Elevated  Railroads,  as  long  ago  as  1899 
the  author,  when  designing  the  Northwestern  Elevated  and  the  Union 
Loop  Elevated  Railroads  of  Chicago,  determioed  certain  economic  functions 
for  such  structures  and  published  the  results  in  a  paper  entitled  "A  Study 
in  Designing  and  Construction  ci  Elevated  RaHroads,  with  £^)ecial  Refer- 
ence to  the  Northwestern  EHevated  Railroad  and  the  Unioa  Loop  Elevated 
Railroad  of  Chicago,  IlL,"  which  paper  was  prasented  to  the  AmAp«fm 
Society  of  Civil  Engineers  and  publidied  in  its  "Transactions''  for  1807. 
From  it  the  following  statements  concerning  the  iwonfflmiCT  of  elevated- 
railroads  have  been  excerpted: 
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Best  and  Moot  Economical  Span-Lbnothb 

This  question  was  invostipatcci  vorv  exhaustively,  (•(^nsidering  every 
item  of  expense,  including  not  only  the  cost  of  metal  in  place,  but  also  that 
of  concrete,  ('xcavution,  back-filling,  and  pavement;  also  the  possibility  of 
expense  for  the  moving  of  wat(T  ])iiK's  and  other  conduits.  The  investiga- 
tion showed  that,  for  plate-girder  construction  through  private  property, 
the  economic  span-length  is  about  40  ft.  for  intennediate  spans  and  23  ft. 
for  tower  spans;  while  for  construction  in  the  street,  where  towers  are  inad- 
missible, it  varies  from  47  to  5()  ft.,  or  even  '.\  or  4  ft.  more,  ia  case  of  crofls- 
girders  spanning  wide  streets  from  curl)  to  curb. 

The  theory  of  true  economy  in  elevated  railroad  designing,  as  far  as 
length  of  bays  is  concerncHl,  is  simply  this:  "The  cost  of  the  longitudinal 
girders  should  \h\  as  nearly  a.s  may  be,  equal  to  the  cost  of  the  bents  and 
their  supporting  pedestals,  in  cases  of  doubt  adopting  the  longer  span." 

Fon]tO>LaifN  venm  Twc^Column  Stbuctubbs 

Detailed  estimates  of  cost  show  that,  as  far  as  economy  is  concerned, 
there  is  but  little,  if  any,  tliflference  between  these  two  styles  of  bent. 
Whether  the  total  cost  of  the  four-column  bent  will  exceed  that  of  the  two- 
column  one  for  a  four-track  structure  depends  upon  the  various  schedule 
prices  for  metal,  concrete,  excavation,  paving,  etc.,  as  well  as  upon  the 
character  of  the  soiL  As  there  is  no  great  differenoe  in  the  cost  of  these 
two  types  of  stnioture,  and  as  the  foiUNSolunin  bent  is  deddedly  the  mora 
rigid  (tf  the  two,  H  was  adopted  wherever  pnifCticable.  Cantilevering  an 
entire  train  load  b^yimd  the  exterior  oolomn  of  a  two-oolimin  bent  is  not 
conducive  to  rigidily,  but  this  is  the  only  method  that  will  bring  the  cost 
as  low  as  that  of  the  four-eolumn  bent. 

Braced  Towers  versus  Solitary  Columns 

Where  an  elevated  railroad  occupies  private  property  and  erosses 
the  streets  by  spanning  from  curb  to  curb,  it  is  practicable  to  use  braced 
towers  and  thus  stiffen  the  structure  and  check  vibratkm;  and,  moieover, 
this  arrangement  is  very  economical. 

For  the  Northwestern  Elevated,  upon  which  it  is  proposed  to  run 
trains  at  a  speed  of  40  miles  per  hour  on  the  inner  tracks  between  the 
mter-tnusk  stations,  situated  about  a  mfle  apart,  the  consideration  (rf  the 
extra  rigidity  afforded  by  the  braoed  towers  is  quite  impwtant.  It  was 
therefore,  decided  to  use  both  longitudinal  and  transverse  sway  bracing, 
forming  braced  towers  spaced  about  150  ft.  apart  (or  two  towers  per  blodc), 
and  to  use  the  transverse  sway  bracing  in  all  bents  on  curves,  wherever 
practicable. 

Two  only  of  the  three  spaces  between  columns  have  traasverse  swiqt 
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bfaemg,  thin  leaving  a  longitudinal  paaaageway  for  wagons  at  the  center 
of  the  Btmcture. 

The  saving  in  weight  of  metal  per  lineal  foot  of  f oiu^tradc  Btmcture  on 
tangents  by  adopting  braced  towera  instead  of  solitaiy  columns  was 
found  to  be  about  140  lbs.,  or  nearly  9  per  cent  of  the  total  weight. 

Plate  Girders  immts  Oprar-WnaiD  OmmoHi 

In  designing  these  elevated  railroads  for  Chicago,  many  estimates  wm 
made  for  both  plate-girders  anil  open-webbed  girders,  which  demonstrate 
that  there  is  practically  no  difference  in  the  weight  when  both  girders  are 
properly  designed.  As  the  open-webbed  girders  cost  a  trifle  more  per 
pound  to  manufacture,  there  is  no  eccmomy  in  their  use;  nevertheless 
they  were  adopted  for  all  structures  running  longitudinally  in  the  streets, 
in  order  to  comply  with  certain  city  ordinances.  The  observance  of  these  ' 
ordinances  wa^  sometimes  carried  to  extremes,  producing  ridiculous  com-? 
binations  of  sohd  and  open  web  in  the  same  girder,  and  an  evident  waste 
of  material  and  labor.  For  this  the  engineers  are  not  to  blame,  because 
they  did  not  frame  the  ordinances. 

Best  Sbctionb  fox  CoLuiofa 

Investipations  concerning;  strength,  capacity  to  resist  impact,  facihty 
of  erection,  economy  of  metal,  etc.,  determined  that  the  siH'tion  for  columns 
located  in  the  street  should  be  two  15-in.  rolled  channels  with  the  flanges 
turned  inward  and  a  15-in.  rolle*!  I-heam  riveted  between  to  act  as  a  cen- 
tral web  or  diaphragm,  the  flanges  of  the  channels  lieing  held  in  place  by 
interior  stay  plates  spaced  about  l^-feet  centers.  In  most  cases  the  column 
feet  pjuss  t)elow  the  pavement  and  are  emhedtieil  in  the  concrete,  to  which, 
of  course,  they  are  bolted,  but  in  some  ca.'^es  they  rest  on  pedestals  a  little 
above  the  level  of  the  sidewalk.  The  main  object  in  turning  the  flanges 
inward  is  to  enal)le  the  colunm  bett4!r  to  resist  unpact  from  heavily  loaded 
vehicles.  Just  above  the  pavement  there  is  a  curved  casting  filled  with 
concrete  and  surrounding  the  column  to  act  as  a  fender. 

This  ty|K>  of  column  is  verj^  .satisfactory  after  it  is  erected,  although 
it  gives  some  little  difficulty  in  the  shops  and  involves  slightly  more  field 
riveting  than  usual.  One  complaint  nuide  was  that  the  planes  of  the 
top  and  bottom  flanges  of  I-beams  are  never  exactly  parallel  to  each  other, 
hence  some  straightening  was  necessitated. 

For  columns  located  on  private  property  or  on  sidewalks  where  the 
structure  is  transverse  to  the  street,  four  Z-bars  and  a  web  plate  were 
adopted  as  the  most  satisfactory  section.  At  the  top  of  the  column  a 
wide,  curved  web-plate  and  curved  angles  were  used.  This  design  makes 
a  most  satisfactoiy  column,  which  goes  through  the  shops  readily,  and 
which  is  w^  adapted  for  quick  erection*  It  is  true  that  it  necessitated  a 
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special  tool  for  cutting  the  webs  to  a  circular  curve,  but  after  this  was 
inade,  the  manufacture  was  easy  and  comparatively  inexpensive. 

In  Engineering  Newe  of  May  20,  1915,  there  appeared  an  excellent 
article  by  Mr.  Maurice  E.  Griest,  Assistant  Designing  Engineer  ot  the 
Public  Service  Conmiission  of  New  Yoik  City,  entitled  "Design  of  Steel 
Elevated  Railways,  New  York  Rapid  Transit  Syston,"  in  which  he  gives  a 
diagram  showing  that  for  structures  located  in  .the  street  the  eoonomie 
span-length  is  fifty  feet,  but  that  for  lengths  from  forty-five  feet  to  fifty- 
five  feet  there  is  not  much  difference  in  the  cost.  This  not  only  oonfinns 
the  author's  findings  of  two  decades  earlier,  but  also  is  in  aocordance  with 
a  general  deduction  made  by  him  of  late  from  several  economic  investi- 
gations, viz.,  that,  up  to  a  certain  limit,  a  material  variation  from  abso- 
lutely economic  conditions  can  generally  be  made  without  seriously 
increasing  the  total  cost,  but  when  t^e  said  limit  is  passed  the  uneoonomics 
involved  increases  rapidly. 

For  further  information  concerning  the  details  of  devated  railroads, 
the  reader  is  referred  to  the  b^ore-mentioned  "Transactions"  of  the 
American  Society  of  Civfl  Engineers. 
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CANnLE^'^R  bridges  may  be  divided  into  four  types,  which  cover 
aU  the  layouts  that  are  used  by  good  designem.  Then  are  afaown  as 
Types  A,  B,  C,  and  D,  in  Fig.  12a. 

Type  A  is  the  one  ordinarily  adopted — ^probably  as  often  as  three 
timfls  out  of  four.  It  is  applicable  to  the  case  of  a  fairly-wide  crossing, 
where,  for  some  reason  or  other,  it  is  not  permissible  or  advisable  to  put 
piers  in  the  deep  water. 

Type  B  really  aiuounts  to  the  (lou])ling  up  of  two  Tj'pe-A  structures  by 
omitting  the  anchorages  at  the  junction  and  forming  the  anchor  arms 
into  one  continuous  span.    It  is  applicable  to  very  wide  rivers. 

Type  ( which  is  the  most  economic  of  the  four,  is  used  occasionally 
instead  of  tlu'ee  simple-truss  spans,  either  for  reasons  connect^nl  with  the 
navigation  of  the  stream  or  because  of  economic  motives  that  are  some- 
times based  on  reality  but  too  often  u[)on  unwarranted  assumption.  This 
que.stion  is  discussed  at  length  in  Chapter  XII. 

Ty|)e  D  is  a  c()inl)inution  of  Types  B  and  C,  as  can  be  seen  by  an  inspec- 
tion of  the  layout  in  Fig.  \2a. 

Comj)anng  Types  A  and  B,  a  glance  at  the  two  layouts  of  the  diagram 
shows  that  tliere  can  be  but  little  dilTerence  in  the  weights  of  metal  per  lineal 
foot  of  entire  bridge;  Ixjcaust^,  while  the  weight  per  foot  for  the  anchor 
span  is  generally  somewhat  greatt-r  than  that  of  the  anchor  amis,  the 
entire  weight  of  two  anchorages  is  saved,  whatever  net  difference  there  is 
constituting  generally  an  excess  for  ryi)e  B.  There  can,  however,  be  no 
real  comparison  between  these  two  types  for  any  particular  cjise,  as  one  is 
for  a  comparatively  narrow  crossing  and  the  other  for  a  very  wide  one. 

Comparing  Types  A  and  C  for  a  crossing  in  which  tlic  over-all  length 
is  fixed,  but  where  the  intermediate  piers  can  l>e  placed  as  desired,  the 
ratio  of  the  weight  of  Type  C  to  tliat  of  Tyjx*  A  varies  from  about  0.8  for 
structures  under  two  thousand  feet  in  length  to  about  0.65  for  structures 
three  thousand  feet  long.  The  method  of  determining  this  may  best  be 
illustrated  by  an  example. 

Given  Ckiss  70  live  load  and  a  total  length  of  structure  of  2500',  we 
ham  from  Fig.  12a  for  Type  A. 

f^L4-f|L+A^  =  H^  =  2500' .-.  L=1538' 
and  for  Type  C, 

tt^+H  L+ttL«i|L=2500'.\  L-1260'. 
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From  Fig.  55ddd  on  page  1274  of  "Bridge  Engineering"  we  find,  for 
Class  70  and  L«=  1.538',  a  weiglit  of  metal  per  foot  of  28,000  lbs. ;  and  from 
Fig.  55/;)'  on  page  1282  thcreol,  for  that  loa^^ling  and  L^l^Sff,  aweigiit  ol 
21,000  lbs.   The  ratio  of  these  weights  is  H  =  0.75. 

Comparing  Type  D  with  the  other  types  in  Fig.  12a,  it  is  evident 
that,  for  the  same  value  ol  the  hypothetical  opening,  L,  its  weight  of 
metal  is  intermediate  in  amount ;  but,  as  before,  there  is  really  no  necessity 
for  contrasting  this  type  with  the  others,  because,  for  any  crossiDg  where 
it  would  ha  suitable,  the  other  types  would  be  wholly  unsuitable. 

Recapitulating,  there  is  never  any  necessity  for  a  discussion  as  to  which 
of  tho  four  typ>cs  should  be  adopted  for  any  proposed  crossing,  because  the 
profile  thereof  with  its  governing  conditions  will  indicate  clearly  which  is 
the  only  type  applicable;  but  there  is  occasionally  an  economic  question 
to  deterniine  as  to  whether  a  simple-truss  layout  or  a  cantilever  layout 
should  be  adopted.    This  question  is  treated  at  length  in  Chapter  XII. 

In  respect  to  the  economic  division  of  span-lengtlis  for  any  projx)sed 
layout,  the  author  detcrminod  this  question  for  Type  A  nearly  a  quarter 
of  a  centurj^ago  wlien  writing    De  Pontibus,"  his  findings  being  as  follows: 

First,  The  economic  length  of  the  suspended  span  is  about  three- 
eigliths  (I)  of  the  length  of  the  main  opening,  l)ut  a  con.siderable  increase 
or  decrease  of  this  proportion  does  not  greatly  change  the  total  weight  of 
metal. 

Second.  The  most  (Honomic  length  of  anchor  amis,  where  the  total 
lengtli  between  centers  of  anchorages  is  given,  and  when  the  main  piers 
can  be  placed  wherever  desired,  is  one-fifth  (5)  of  the  said  total  length,  or 
one-third  (^)  of  the  main  opening.  By  keeping  the  anchor  arms  short, 
the  top  chords  may  be  built  of  eye-l)ars,  provided  that,  with  the  usual 
allowance  for  impact,  there  is  no  reversion  of  chord  stress;  and  tliis  efTects 
quite  an  economy  of  metal.  But  it  is  conceivable  that  cases  might  arise 
where,  from  danger  of  wjushout  of  falsework,  eye-bar  toj)  chords  would 
be  objectionable;  hence  this  method  of  economizing  must  be  used  with 
caution. 

It  must  not  be  forgotten  that  for  every  dollar  saved  by  reducing  the 
total  weight  of  metal  through  the  shortening  of  the  anchor  arm,  it  will  be 
neooBsaiy  to  spend  about  twenty  cents  for  extra  concrete  in  the  anchorages. 
On  that  aoooynti  f<»r  the  oonditioiis  assumed,  the  truly  economic  length  of 
each  anchor  aim  of  a  three-q)an,  Type  A,  cantilever  bridge  may  be  a 
trifle  greater  than  twenty  per  oent  of  the  total  distance  b^ween  centera  of 
anchorages. 

Dr.  Stdnman  in  his  "SuspenaUm  Bridges  and  Cantilevers,"  by  a 
theoretical  investigation  and  by  using  certain  constants  detennined  from 
computed  structures,  shows  that  for  this  case  the  length  of  anchor  aim  for 
economy  should  be  four-tenths  of  the  main  opening,  or  f our-eii^teentha 
(0.22)  of  the  total  length  of  structure.  This  checks  quite  closely  with  the 
author's  long-previous  determination  ol  "two4enths  or  slightly  nune." 
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Tfurd.  When,  however,  the  probkni  k  to  detemune  the  eoonomio 
length  of  anehor  aim  for  a  filed  diataaoe  between  main  jnen,  the  result 
win  be  quite  diffevent;  beeauae,  within  xeaaonable  linute,  the  shorter  the 
anchor  arm  the  amaUer  will  be  its  total  weight  of  metal,  and  beeauae 
tiestle  approach  is  much  leas  expeneive  than  anchor  ann.  It  would  not, 
for  evident  reaaooa,  be  advisable  to  make  the  kngth  of  anchor  aim  less 
than  twenty  per  cent  of  that  of  the  main  opening,  or  say  fifteen  per  cent 
of  the  total  distance  between  centers  of  anchorages.  With  this  length 
•there  would  probably  be  no  reversion  of  stress  in  the  chords  of  the  anchcnr 
ann,  even  when  in^iaet  is  considered.  Qenerally,  though*  the  appearance 
of  the  structure  would  be  improved  by  using  longer  anchor  aims  than  the 
inferior  limit  just  suggested. 

Fcurth.  ii  respect  to  the  economic  loigth  of  anchoiHqMm  in  a  suc- 
cession of  cantilever  spans,  it  may  be  stated  that,  within  reasonable  limits, 
the  shorter  such  anchoi^spans  are  the  greater  will  be  the  economy  involved; 
but,  generally,  navigation  interests  will  prevent  their  being  built  as  short 
as  mig^t  be  desired.  If  permissible,  they  may  be  made  so  short  that,  as 
in  the  case  of  anchor  arms,  eye-bars  may  be  used  for  the  top  chords,  thus 
effecting  a  decided  economy  of  metal,  although  shortening  the  anchor- 
span  increases  proportionately  the  streeses  on  the  wdi>  members  and  the 
weights  thereof . 

In  regard  to  truss-depths  for  cantilever  bridges,  the  author's  practice 
is  to  make  that  for  the  suspended  span,  when  the  chords  are  parallel,  from 
ooe^th  of  its  length  for  short  spans  to  one-seventh  of  its  length  for  very 
long  ones,  interpolating  between  these  limits  for  intermediate  lengths. 
If  one  of  the  chords  be  polygonal,  a  greater  proportionate  truss  depth  at 
mid-span  and  a  smaller  one  at  the  ends  would  logically  be  employed. 
The  height  of  the  vertical  posts  over  the  main  piers  can  be  made  about 
fifteen  (15)  per  cent  of  the  length  of  the  main  opening,  or  not  to  exceed 
three  and  a  half  (3.5)  times  the  perpendinilar  distance  l)etween  central 
planes  of  trusses  over  the  nuiiii  piers.  In  the  new  design  for  the  Quebec 
bridge  these  posts  were  made  310  feet  iiigli  for  the  sjike  of  appearance, 
although  the  economic  length  was  found  to  be  only  290  feet.  These  figures 
correspond  to  percentages  of  main  openings  of.about  seventeen  (17)  and 
sixteen  (16)  respectively. 

There  are  certain  legitimate  economies!  that  may  be  employed  in  the 
designing  of  cantilever  bridges,  among  which  may  be  mentioned  the  fol- 
lowing: 

A.  The  wind  pressure  jussumcd  in  computing  the  erection  stresses 
may  be  taken  lower  than  that  given  in  the  specifications  for  the  finished 
structure,  provided  that  the  full  wind  pressure  would  not  overstrcss  any 
of  the  metal  .seriously  or  involve  any  risk  of  disaster  during  erection.  A 
stress  of  three-cjuarters  of  the  elastic  limit  of  the  metal  applied  a  few  times 
during  erection  would  do  no  harm;  and  tlio  diance  of  there  being  in  such 
limited  time  any  wind  pretssure  at  all  approaching  in  magnitude  that 
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qMojfied  18  very  mnaU.  •  This  lowering  of  the  intenflity  of  wind  pranuie 
may  be  the  means  of  avoiding,  in  a  perfectly  logitimato  manner,  the 
inoreaaing  of  the  aeotiona  of  a  number  of  tniaa  memben  beeauae  of  ereetion 
atreaaea;  but  auoh  eoonomiiing  dKrald  be  done  with  oaution  after  a  thoi^ 
ough  conaideration  of  ita  greateat  poaeible  effeota. 

B.  Aoertainamoimtof  metaloanaometinieabeaaTedbyqilayingthe 
tniaaea  between  the  main  piera  and  the  ends  of  the  oantflever  and  andior 
arma;  but  unleaa  the  amotmt  therecrf  be  f aiily  Iaige>  the  extm  poimd 

of  the  metalworic  in  the  cantilever  and  anchor  aiina  due  to  the  aald  aplay- 
ing  may  more  than  oiffaet  the  value  of  the  reduction. 

C.  AamaUeoonomymayaometimeabeaooomplidiedbyoinitCingdni^ 
ing  erection  from  the  eantilevered  portion  of  the  atmeture  all  parte  that 
are  not  esaential  to  ita  atrength  before  the  ooupling  of  the  eantilevered  enda 
ia  effecteci,  thus  reducing  the  efeotion  atresBee  a  little. 

D.  Solitaiy  piers  or  large  pedeatala  under  the  main  vertical  poets  are 
aometinios  just  as  aatiafactory  in  every  way  as  long,  oontinuoua  ahafta, 
eqieciaUy  if  a  connecting  wall  of  roinforced  concrete  between  them  be 
employed.  Generally  they  will  be  found  to  involve  a  laige  aaving  in  the 
ooat  of  the  aubatructure. 

F  In  very  wide  cantilever  bridgea  it  mic^t  aometimcs  be  advisable  to 
adupt  intermediate  tniaaea  ao  as  to  economize  materially  in  the  weight  of 
the  floor-beams  and  sometimes  a  trifle  in  that  of  the  trusses,  also  because  of 
the  consequent  reduction  in  dead  load,  but  mainly  so  as  to  keep  within  rea- 
sonable limits  the  sizes  and  weights  of  the  pieces  to  be  handled  and  thus 
decrease  the  size  of  the  traveler  and  the  cost  of  the  erecting  machinpr\'. 
On  the  other  hand,  though,  increasing  the  number  of  tnissos  is  likely  to 
augnn^nt  a  little  the  p<'rcontago  of  weight  of  truss  details;  but,  where  the 
sections  of  nienibers  are  large,  this  increase  would  be  small.  In  case  the 
wind  stre^sses  are  an  important  factor  in  the  proportioning  of  the  tmss 
members,  the  employment  of  an  interior  truss  or  interior  trusses  might, 
by  the  reduction  in  areas  of  chonl  sections,  cause  such  relatively-large 
wind-8tresst\s  on  the  chords  of  the  exterior  trusses  that  the  additional  metal 
recjuired  to  take  care  of  them  would  c^set  all  the  saving  obtained  in  the 
ways  just  mentioned. 

F.  In  long-span  cantilever  bridges  the  stresses  on  the  truss  memlx^rs 
that  rest  ujwn  the  piers  should  be  divided  among  Jis  many  such  meml>er8 
as  j)ossible  by  using  an  incliiicd  strut  on  each  side  as  well  as  a  vertical  post, 
inste^id  of  carrying  all  the  loails  to  the  top  of  the  latter  by  tension  meinbci-s, 
as  was  done  in  the  original  design  of  the  ill-fated  Quebec  bridge.  Again,  if 
a  lowering  of  the  inner  ends  of  the  cantilf>ver  arms  be  |)ermissible,  the  inclin- 
ing of  the  end  sections  of  the  lx)ttom  chords  to  the  horizontal  will  take  up  a 
portion  of  the  load  that  is  carried  to  the  pier,  and  thus  will  refluce  the 
stre.sses  on  the  vertical  and  inclined  |X)sts  asscinbling  there.  This  last 
feature  reduces  also  the  total  cost  of  the  uia^soury  by  dunmiijlung  the  height 
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of  themtthi  piera,  and  saves  placing  the  tops  of  the  trusses  at  an  abnonnal 
heii^t  above  the  water. 

Q.  If  thflie  be  any  ehoioe  between  the  meted  and  the  pin-eonneeted 
types  of  oonstructkm  for  any  eantilever  bridge,  it  is  genenQjr  better  to 
adopt  the  latter;  beeauM,  as  cantilever  bridges  are  usually  employed  for 
kmg  spans  only,  pin-oonneeted  woric  is  the  more  suitable.  Again,  it  is  a 
little  lighter  than  riveted  woric;  and,  therefore,  the  dead  load  on  the  struo- 
ture  would  be  somewhat  lees.  On  the  other  hand,  the  riveted  constnio- 
tion  is  so  much  more  rigid  than  the  pin-connected  that  it  is  preferable  to 
adopt  it  whenever  the  conditions  permit;  besides,  in  the  riveted  work  it  is 
not  neoeesaiy  to  stiffen  any  truss  members  for  erection,  althoui^  tt  might 
be  obligatory  to  increase  a  few  of  their  sectional  areas. 

H.  Very  large  compression  members  should  be  made  of  box  section 
80  as  to  do  away  with  latticing.  This  not  only  effects  an  improvement 
in  the  design,  but  also  saves  some  metal,  althou|^  the  details  required 
at  the  panel  points  to  distribute  t  he  stresses  from  the  cut  cover^{dates  tend 
to  offset  the  saving  in  weight  of  lattice  bars  and  stey  plates. 

Professors  Merriman  and  Jaooby  present  in  their  "Roofs  and  Bridges," 
Fart  IV,  an  excellent  treatment  of  the  subject  of  cantilever  bridges,  dis- 
eUBSed  mainly  from  the  theoretical  point  of  view.  Their  economic  investi- 
gatiims,  which  are  based  upon  chord  weighto  only,  show  that  for  a  three- 
span  cantilever  of  Type  A,  each  anchor  ami  should  be  about  twenty-one 
and  two-tenths  (21.2)  per  cent  of  the  total  length  of  structure.  This  is 
quite  a  doee  agreement  with  the  twenty  (-0)  per  cent  minimum  found  by 
the  more  accurate  and  practical  investigation  that  was  made  for  "  Dc  Ponti- 
bus,"  The  professors  find,  (hough,  thirty-nine  and  four-tenths  (39.4)  per 
cent  of  the  total  length  of  sti  ucture  for  the  economic  length  of  the  suspended 
span,  corresyjonding  to  about  sixty-eight  per  cent  of  that  of  the  main  open- 
ing, while  the  ''De  Pontibus"  investigation  made  it  only  thirty-seven  and  a 
half  (37.5)  per  cent  thereof.  Actual  experience  has  repeatedly  shown  that 
the  economic  lc^^^tll  of  tlie  suspciidod  span  is  from  throe-eighths  (|)  to  one- 
half  (' )  of  the  main  ojH'iiin^.  in  nce  the  professors'  figures  for  this  portion  of 
their  work  have  the  appearance  of  being  incorrect;  but  Prof.  Merriman 
has  explained  to  the  author  ))y  letter  tliat  he  assumed  the  truss  depth  to  be 
the  same  throughout  th(  t-ntirc  structure.  This  assumption,  combined 
with  that  of  ignoring  the  clTi  c  t  of  the  weight  of  the  wel),  will  account  for 
the  large  d'scrcpancy;  because  the  professors'  n»athematics  have  been 
checke<l  and  fovmd  to  ])c  faultless.  As  a  mutter  of  fact,  though,  no  Ameri- 
can engineer  would  tliiiik  for  an  instant  of  making  the  tniss  depth  constant 
throughout  the  structure,  because  for  economic  reasons  it  should  gen- 
erally i)e  about  twic(!  as  great  over  the  main  piers  as  in  the  suspended  span. 
EuroiR'un  engineers,  however,  often  fail  to  make  the  tnjss  depths,  espe- 
cially in  the  cautiluvcr  and  anchor  arms,  great  enough  for  econom^< 
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The  profeBBora  make  also  from  their  eoonomic  investigatioiis  the  fc^ 
lowing  deduction:  "The  cantilever  aiystem  hence  has  no  theoretic  economy 
over  simple  truaBee  when  the  piers  can  be  located  in  any  position;  moreover^ 
when  the  influence  of  the  altemating  stresses  in  the  anchor  aim  and  the 
material  required  for  anchor  rods  are  taken  into  account,  it  is  at  a  marked 
disadvantage."  This  is  true  for  Type  A,  which  is  the  layout  employed  1^ 
the  professors;  but  it  is  not  correct  in  general. 

The  professors  are  right  in  their  surmise  that  "probably  the  common 
three-flpan-cantUever  bridge  has  a  lower  degree  of  economy  than  the 
airangement  where  the  simple  trusses  are  in  the  end  spans,  as  in  the  Kcd- 
tucky  River  bridge";  for,  as  previously  stated,  T^pe^  layout  requires 
only  from  eighty  to  sixty-five  per  cent  as  much  metal  as  does  that  of  T^rpe 
A,  for  the  same  total  length  of  structure.  It  must  be  remembered,  how- 
ever, that,  as  previously  indicated,  the  oompaiison  is  hardly  fair  to  the 
common  three^pan-cantilever,  because  the  latter  provides  a  greater  main 
opening  than  that  of  the  alternative  layout. 
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■OQNOKIGB  OF  SUBPBNfllQN  BBIDGBB 

In  the  designing  of  suspenaon  bridges  there  is  still  much  to  be  leaned, 
because  so  few  of  them  have  been  buih;  and  this  is  as  it  should  be,  because 
they  are  not  an  economic  type  of  stracture,  excepting  for  exceeding  long 
spans,  or  in  the  case  of  a  very  light  highway  bridge  at  the  crossing  of  a 
gofge  or  a  river  of  great  depth  and  swift  current  where  it  would  be  too 
expensive  to  build  piers  in  the  stream.  Ab  shown  in  Chapter  XIII,  for 
steam-^railway  structures  suspension  bridges  are  more  expensive  than  can- 
tilever bridges  up  to  the  iwacticable  limiting  length  of  the  latter;  and, 
mcneover,  in  respect  to  the  important  element  of  rigidity  the  fonner  are 
certainly  inferior.  But  the  suspension  bridge  has  its  legitimate  i^aoe  in 
engineering  construction,  and  that  is  for  long-span  highway  bridges  pure 
and  simple,  and  sometimes  when  they  carry  also  electric  railways.  There 
are  crossings,  like  that  of  the  North  River  at  New  Yot  k  City,  where  the 
conditions  are  such  as  to  make  the  use  of  the  suspension  bridge  obligatoiy.  j 

It  is,  therefore,  well  worth  while  to  study  the  economics  of  the  type, 
even  to  the  extent  of  making  an  exceedingly  elaborate  investigation,  as  the  j 
auth<v  did  lately  in  his  memoir  on  "Comparative  Economics  of  Wire  < 
Cables  and  High-AUoy-Steel  Eye-har-C^ables  for  Ix)ng-Si)aii  Suspension  ! 
Bridges,"  presented  in  May,  1920,  to  the  Engineen'  Society  of  Western  j 
Pennsylvania,  of  which  memoir  more  anon.  •  ' 

In  designing  a  highway  susp<»nsion  bridge,  the  first  economic  point  to  J 
consider  is  that  of  the  deck  and  floor-system,  lK)th  of  which  should  always  ' 
Ik^  made  ;is  light  as  the  ruling  conditions  will  allow,  because  the  heavier 
the  floor  the  ^-rcater  the  load  on  the  cables.  This  general  question  of 
economics  in  deck  and  floor-system  has  been  treated  in  Chapter  XXI,  to 
which  the  reader  is  referred.  While  it  is  certainly  advisable  to  cut  down 
the  dead  load  to  a  niininiuin,  it  would  l>e  anything  l)ut  economic  to  adopt  a 
plank  ba.se  for  the  pavement,  on  account  of  the  great  danger  from  fire 
which  that  tyix*  of  construction  involves.  Mtxlern  highway  bridges  call 
for  a  reinforced -concrete  base  for  pavement,  and  there  is  no  d(xlging  this 
issue;  but  in  suspension  bri(ig<'s  it  should  be  nuide  as  light  as  practicable 
by  using  closely-spaced  stringers  and  thus  reducing  the  thickness  of  slab 
to  a  minimum.  It  is  true  that  a  buckled-plate  H(M)r  is  hghter  than  a  rein- 
forced-concrete  slab,  but,  until  quite  lately,  as  indicated  in  Chai)ter  XXI, 
experience  hu8  bhowu  it  to  be  so  lucking  in  rigidity  tliat  under  the  pu^ssage 
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of  modern  wheel-loads  it  has  permitted  the  pavement  to  crack  and  eventu- 
ally to  break  up.  It  is  probable,  though,  that  Mr.  Byrne's  correction  of 
the  defect  will  permit  in  future,  with  perfect  safety,  the  emplcyyinent  of 
this  type  of  flooring. 

When  the  electric  railway  tracks  are  entirely  separated  from  the  rond- 
WB,y^  it  is  economic  to  use  the  ordinary  open  floor  of  wooden  ties  with 
proper  guard-rails,  because  the  danger  from  fire  with  such  a  floor  is  not 
great;  and  even  if  sonio  of  the  ties  were  to  bum,  no  injiuy  of  any  impor- 
tance would  be  done  to  the  metalwork.  Such  fires  do  not  spread  rapidly 
and  are  readily  extinj^uished;  but  when  a  plank  base  with  a  wooden  block 
pavement  thereon  catches  fire  on  a  windy  day,  disaster  is  almost  sure  to 
ensue. 

There  are  two  lefjjitirnate  ways  of  trimming  down  the  weight  of  metal  in 
the  floor-system  to  a  minimum,  viz.,  employing  nickel  steel  or  some  other 
alloy  for  the  metalwork,  and  supjxjrting  the  cross-girders  at  inters-als  by 
means  of  intermediate  trusses  and  cables.  In  adopting  the  first  expedient, 
care  should  Ih'  taken  not  to  reduce  the  depths  of  the  joists  and  stringers 
below  the  limit  set  by  pootl  practice — otherwise  their  doflortions  would  he 
great  enough  to  injure  the  pavement.  In  n^spect  to  the  second  expedient 
there  are  both  pros  and  cons  concerning  the  a<^lvisability  of  adopting  many 
lines  of  trusses  and  cables.    The  advantages  are  as  follows: 

First.    The  saving  in  weight  of  metal  in  the  cross-girders. 

Second.  The  reduction  in  cable  cross-section  due  to  the  lightening  of 
the  cro.ss-girders. 

Third.  The  better  distribution  of  load  on  the  piers  with  its  conse- 
quent saving  of  both  shaft  masonry  and  ha.se. 

Fourth.  The  lowering  of  the  grade  line  of  the  structure  (due  to  the 
shaUowing  of  the  cross-girders),  with  its  coiisefjuent  reduction  in  cost  of 
climb  for  everything  that  crosses  on  the  structure. 

Fifth.  The  shortening  and  conse(|uent  cheapening  of  the  approaches 
due  to  the  smaller  height  to  be  sunnounted. 

Tlie  di.sad vantages  are  jis  follows: 

First.  The  somewhat  greater  weight  of  metal  due  to  the  larger  number 
of  |)arts  in  trusses,  cables,  and  steel  towers.  In  long,  heavy  spans  this 
really  is  not  a  disadvantag(v;  because,  on  account  of  ease  of  erection,  it 
often  pays  to  employ  comparatively  light  members 

Secon/l.  Tile  somewhat  greater  total  wi<lth  of  deck  called  for  to  allow 
space  for  the  extra  trusses  and  cal)les;  but  this  is  often  not  disadvan- 
tageous, because  great  width  of  structure  is  necessitated  by  great  span- 
length. 

Third.  In  accordance  with  the  theor>^  of  probabilities,  the  more 
numerous  the  truss<»s  and  cables  the  greater  should  l)e  the  total  live  load 
per  lineal  foot  assumed  for  the  design;  for  with  only  two  lines  of  cables, 
practically  th<'  entire  width  of  deck  must  Ik;  loaded  in  order  to  proiluce 
the  maximuiu  stresses  in  either  cable,  while  with  several  lines  of  cables, 
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the  loading  of  a  much  amaDer  ividth  of  dedc  will  pniduoe  mKriimnn  streaaes 
in  any  one  oaUe. 

The  nflB[|  eeoiianiie  oooiideration  k  the  design  of  the  eUffening  truflns. 
It  must  be  remembeied  that  the  weight  of  these  is  a  direet  function  of 
the  live  load  and  entirely  independent  of  the  dead  load,  which  panes 
immediatdy  from  the  floor  to  the  suspenders  and  cables  without  causing 
either  moment  or  shear  on  the  trusses.  It  is,  consequently,  expedient  to 
keep  the  live  load  down  to  the  lowest  legitimate  limit  ooudstent  with  the 
probable  loads  from  future  traffic. 

Custom  has  decreed  that  the  truss  depth  should  be  about  one-fortieth 
of  the  span  length,  but  a  greater  depth  would  ieduce  the  weight  of  metal 
in  the  chords  without  increasing  materially  that  in  the  web.  It  is  claimed 
that  a  greater  depth  than  tlus  established  limit  would  not  be  nthetic, 
but  this  can  be  determined  only  by  careful  study  for  each  case  as  it  arises. 

The  choice  of  panel  length  may  be  determined  from  the  standpoint  of 
flsthetios  or  by  an  economic  adjustment  between  floor^ystem  and  trusses. 
This  question  also  will  require  careful  study. 

The  system  of  cancellation  adopted  for  the  trusses  will  have  quite  a 
little  to  do  with  their  weights  of  metal,  but  the  consideration  of  appear- 
ance should  govern  in  this  matter.  If  a  single-intersection  truss  be 
adopted,  it  will  have  the  advantage  of  avoidance  of  ambiguity  in  stress  dis- 
tiibtttion,  but  it  will  not  provide  as  pleasing  an  appearance  as  will  the  double 
^jrstem  of  cancellation.  In  the  latter  the  vertical  posts,  as  far  as  the  ques- 
tion of  statics  is  concerned,  are  superfluous;  but  without  them  the  second- 
ary stresses  would  run  high,  the  connection  of  the  floor-beams  to  trusses 
would  be  awkward,  and  the  proper  attachment  of  the  trusses  to  the  cables 
would  be  difficult.  It  is  better,  therefore,  to  adhere  to  the  use  of  the  verti- 
cal pasts  when  the  double-intersection  type  of  tniss  is  selected.  TTiese 
posts,  though,  may  be  made  of  minimum  section  consistent  with  their 
ap|H\'iraiu'e  and  with  the  function  which  some  of  them  perform  in  disUibu- 
tiug  tlic  load  to  the  cables. 

An  economic  point  of  imporiaruc  is  tliat  of  having;  tlie  ends  of  stiffening 
trusses  free  or  anchored.  The  latter  coiidil ion  is  more  economic  of  metal 
in  chords.  })ut  Miere  is  little  or  no  (iilTcreiice  for  the  web;  however,  i1  neces- 
sitates extra  iiu  tal  and  expense  for  the  anchoring,  but  the  resultant  efTect 
invariably  is  a  reduction  in  tlie  total  weight  of  metal,  and  hence  the  expe- 
dient should  generally  be  adopted. 

The  .selection  of  the  versed  sine  for  the  cables  is  a  matter  of  economic 
importance.  Increa.sing  it  reduces  the  sectional  area  of  cables  and  back- 
jstays,  but  augments  slightly  their  lengths;  and  it  adds  to  the  height  and 
weight  of  the  tower  columns  and  their  bracing. 

On  the  other  hand,  it  effects  a  slight  saving  in  mass  and  cost  of  anchor- 
ages due  to  the  reduction  of  overturning  moment  that  is  cau.se<l  by  the 
diminution  of  stress  in  the  backstays.  Ivxperience  has  shown  that  a  dejith 
of  catenary  equal  to  one-ninth  of  tlie  span  will  usually  give  the  most  batis- 
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faetoiy  rasuUs;  but  there  is  no  haid-^md^Mt  rule  alxNitthis^ 
mlflable  to  use  taxy  depth  between  the  lunitF  of  one-eighth  and  one-tenth 
oftheapan.  In  the  past  the  author  had  nem  tested  the  eoonoinioa  of  this 
feature,  having  been  content  to  aooept  the  dictum  of  eqperience  as  recorded 
In  engineering  text  books  and  hand  books;  but  in  connectacn  with  the 
special  investigations  prepared  for  this  treatise  and  the  bte  economic 
studies  upon  which  it  is  so  laigely  baaed,  a  number  of  estimates  have  been 
made  which  have  enabled  him  to  obtain  some  rou^  figures  upon  the 
effect  of  increaang  the  depth  ci  eatenaiy. 

The  result  of  these  oomputations  appears  to  Indicate  that  the  economic 
depth  for  cables  was  originally  adjusted  upon  the  basis  of  canying  the 
masonry  piers  all  the  way  vp  to  the  cable  carriages,  as  in  the  case  d  the 
first  East  River  bridge  known  as  the  Brooklyn  Bridge;  because  an  assumed 
increase  in  the  height  for  this  type  effected  no  economy.  But  in  the  case 
of  a  bridge  with  steel  towers  the  result  was  quite  different;  for  a  saving  of 
total  cost  was  indicated  when  the  depth  was  made  one-seventh  of  the  span- 
length.  That  is  probably  as  great  a  depth  as  a  proper  ccmsideratioa  of 
appearance  would  permit. 

The  question  of  the  best  type  of  approaches  to  adopt  is  one  that  has 
to  be  settled  at  the  outset.  It  is  an  economic  one  in  moei  cases,  but  occa- 
sionally the  local  conditions  or  the  matter  of  aesthetics  will  necessitate  a 
departure  from  the  economic  layout.  Briefly,  it  may  he  stated  that  the 
type  of  approach  which  costs  the  h-ast  is  an  ordinarj'  trestle  or  viaduct 
entirely  independent  of  the  main  structure.  Tliis  may  be  either  straight 
or  built  in  spiral  fonn,  as  there  is  but  Httle  difference  in  the  constniction 
costs  of  the  two,  the  latter  generally  having  the  advantage  of  saving  in 
expense  for  right-of-way  and  property  damages.  Suspending  the  floor- 
system  or  stiffening  trus.He.s  from  the  backstays  is  not  economic,  if  it  be 
practicable  to  l)uild  a  trestle  approach;  and  even  if  it  is  not,  it  may  be 
better  to  substitute  short  spans  for  the  trestle,  supporting  them  at  intervals 
on  either  piers  or  rocker  b(>nts,  the  depth  of  the  said  spans,  if  through  ones, 
being  made  the  same  as  that  of  the  stityeiiing  trusses  in  the  case  of  a  wire 
cable  structure,  or  of  any  convenient  or  economic  depth  in  the  case  of  an 
eye-bar-cable  bridge. 

The  uneconoinics  of  suspenduig  the  floor  of  the  approaches  from  the 
backstays  are  as  follows: 

Fir.st.  Tlie  far  greater  weight  of  metal  required  for  stiffening  trusses 
and  hangers  as  compared  with  that  for  the  trestle  approach,  the  item  of 
pedestals  for  the  latter  being  generally  a  bagatelle. 

Second.  The  far  greater  cost  of  the  anchorages  due  to  the  large  lever 
arm  for  the  overturning  mcmient,  the  cable  pull  being  horiiontal  and  applied 
near  the  elevation  of  the  floor. 

The  only  case  in  which  it  is  economic  to  suspend  the  floor  of  the  ap- 
proaches from  the  badcstays  is  when  there  is  deep  water  beneath  that 
is  required  for  navigation  purposes.  If  there  be  fairly  deep  water  that  is 
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not  needed  for  navigation,  the  best  type  of  approach  to  adopt  is  a  suo- 
oession  of  deck  spans  of,  as  nearly  as  may  be,  economic  length. 

In  the  design  for  the  anchorages  there  is  a  fine  opportunity  for  bene- 
fiting from  economic  study.  There  are  three  general  casc^  of  governing 
conditions  to  consider,  viz.,  foundations  on  hod  rock,  foundations  on  piles, 
and  foundations  on  clay  or  similar  material  without  piling.  If  the  bed  rock 
is  fairly  close  to  the  surface,  it  will  be  advisable  to  found  ufwn  it;  but 
otherwi.sc  it  will  be  cheaper  to  put  in  shallow  foundations,  obtaining  the 
necessary'  sup{)orting  power  either  by  piling  or  by  spreading  the  base.  The 
maximum  of  economy  will  be  obtained  by  making  both  the  weight  of  ma- 
sonry in  the  rear  of  the  anchorage  and  the  foundation  area  in  the  front 
thereof  proportionately  as  large  as  practicable.  The  first  expedient  tends 
to  incrtiase  the  resisting  moment  against  overturning,  and  the  second  to 
reduce  the  intensity  of  bearing  at  the  toe  of  the  face,  where,  of  course,  it  is 
greatest.  It  is  economic,  therefore,  to  make  the  anchorages  long  and 
narrow,  low  in  the  front  and  high  in  the  rear.  If  there  l)e  several  of  these 
in  the  form  of  walls — onv  for  each  cable,  or  pair  of  cables, — instead  of  one 
solid  mass  of  concrete,  they  can  be  advantageously  connected  in  front  below 
the  ground  so  as  to  spread  the  Inise,  and  joined  in  the  rear  by  a  great  wall 
above  the  ground,  in  order  to  increase  the  weight  there. 

If  piles  be  employed,  they  should  be  driven  as  closely  together  as 
practicable  near  the  front  of  the  anchorage,  and,  if  it  be  found  advisable, 
qmad  aomewhat  near  the  rear  thereof-HH  other  words  their  spadiig  should 
be  a4iuBted  to  the  intensity  of  the  foundation  loading.  That  intensity 
should  be  made  as  nearly  uniform  as  possible  o^er  the  entire  base  by  the 
expedient  just  explained,  thus  avoiding  the  call  for  varied  spacing. 

With  a  exception,  the  preceding  c<»isiderati«»8  cover  all  the 
important  eoonomio  features  in  the  designing  of  suspension  bridges.  That 
exception  is  the  question  of  the  comparative  economics  of  wire  cables  and 
hig^-alloy-steel  eye-baF-cables,  concerning  which  hitherto  absohitdly  noth- 
ing definite  has  been  known.  It  is  one  of  the  series  of  ten  major  economic 
problems  in  bridgework  that  in  1916  the  author  undertook  to  solve.  Its 
investigation  was  completed  in  March,  1920;  and  the  results  thereof,  as  - 
herein  previoudy  stated,  were  presented  two  months  later,  in  the  form  of  a 
memdr  to  the  Engineers'  Sodety  of  Western  Pennsylvania.  In  view  of  the 
fact  that  the  said  memoir  is  very  complete,  it  is  here  reproduced  perhaiim 
as  foOows: 

COMPABATIVB   ECONOMICS   OW  WdO^ABLBB   AND  HiGH-AlLOT-StBBL 

£tk-bab^ablb8  fob  Long-Span  Svbpsnbion  Bridges 

The  economic  comparison  of  wire  cables  and  eye-bar  cables  for  sui^ 
pension  bridges  has  never  before  been  brought  to  the  attention  of  American 
engineers,  for  the  reason  that  comparatively  few  structures  of  the  sus- 
pension type  have  been  built  in  this  country.  Their  unsuitabiUty  for 
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railway  bridges,  excepting  those  of  exceedingly  kmg  span — far  longer  than 
any  that  have  been  construct('(l~-aiid  the  slow  development  of  the  Amer- 
ican highway  system  have  combined  to  keep  the  type  in  the  background; 
but  the  time  is  approaching  when  it  will  be  necessary'  to  carr>'  our  rapidly 
developing  network  of  highways  across  some  of  the  largest  of  our  rivers, 
and  then  the  suspension  bridge  may  have  an  opportunity  to  come  into  its 
own.  It  must  not  be  forgotten,  however,  that  the  conditions  warranting 
the  building  of  a  suspension  bridge  are  not  likely  to  be  often  encountered; 
because^  it  is  nearly  ulways  the  fiat  of  the  War  Department  which  neces- 
sitates a  span^Iength  so  great  as  to  render  ecouomical  the  building  of  a 
fltriH'ture  of  that  tyjx;. 

By  means  of  a  long  and  elaborate  economic  investigation  made  in 
1918  and  published  in  1919  by  the  Western  Society  of  Engineers  imder  the 
caption  "Comparative  Economics  of  Cantilever  and  Suqiension  Bridges/' 
the  author  has  shown  the  ipan-lengths  of  equal  cost  for  them  two  daases 
of  structme.  The  aid  lengths  usoally  var>'  from  1,000  feet  for  highway 
bridges  to  aboat  2,600  feet  for  stesm-raflway  bridges,  the  lengths  for  com- 
bined steam-raflway  and  highway  stnieturas  being  intennediate  and 
diieotly  interpolated  in  aoooidanoe  with  the  divisioo  of  total  live  load, 
including  impact  aOowanoes,  between  railways  and  highways.  Later 
it  was  found  that  the  irregularity  of  the  abnonnal  unit  prices  ctf  materials 
at  present  governing  has  lengthened  the  spans  of  equal  cost  seme  two 
hundred  feet  for  highway  bridges  and  sixty  feet  for  stesm-railway  bridges; 
but  a  return  to  normal  market  conditions  will  assuredly  bring  them  bade 
to  about  the  limits  first  found. 

Had  the  original  investigation  been  based  upon  the  assumption  of 
anchored  ends  instead  of  free  ends  for  the  stiffening  trusses,  the  span- 
lengths  for  equal  cost  would  have  been  found  about  one  hundred  feet 
shorter,  or  900  ft.  for  highway  bridges  and  2,500  ft  for  railway  bridges  at 
anMHOum  unit  prices,  and  1,100  ft.  for  highway  bridges  and  2,560  fk 
for  railwi^  bridges  at  the  unit  prices  prevailing  etafy  in  1920. 

As  that  investigation  proved  that  the  BOspeiDmon  bridge  is  less  econom- 
ical for  steam-railway  trafiSc  than  the  cantilever  structure  up  to  the 
eictreme  practicable  main-span-length  of  the  latter,  and  as  it  is  well  known 
that  the  cantilever  is  always  the  superior  of  the  two  in  respect  to  the 
important  matter  of  rigidity,  the  present  mveetigation  has  been  limited 
to  the  consideration  of  highway  bridges  carr\Mng  also  electric  nilwaiy 
trains,  such  as  those  that  cross  the  East  River  in  New  York  City. 

The  comparative  advantages  and  disadvantages  of  the  two  types  of 
cables  are  as  follows: 

First.  The  wires  for  the  cables  have  higher  elastic  limit  and  ultimate 
strength  than  can  probably  ever  be  developed  in  eye-bars. 

Second.  The  percentage  of  weight  of  details  is  far  lower  for  wire 
cables  than  for  eye-bar  cables. 

Third,   The  cost  of  erection  is  inevitably  kss  for  wire  cables  than 
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for  cgr^tar  eableB>  because  with  the  fonner,  the  prooesBy  while  tedioue^  is 
not  at  all  oompHoated.  Befm  the  erection  of  the  eye43ar  chains  is  begimt 
it  is  necessaiy  to  string  across  fram  anchorage  to  anchorage  and  over  the 
tower  tope  several  lines  of  small  wire  caUes.  These  have  to  be  used  in 
order  to  cany  the  first  few  lines  of  bars  until  the  latter  can  be  made  self- 
supporting;  and  although  there  will,  of  oourssi  be  some  salvage  on  such 
'  erecting  cables,  their  use  will  be  quite  expensive.  Again,  as  the  eye-bam 
will  have  to  be  placed  on  the  inns  heating  and  shrinking,  it  is  evident 
that  the  process  is  necessarily  a  slow  one,  requiring  considersble  apparatus; 
hence  the  erection  cost  will  run  hi^.  The  total  cost  of  erection,  therefore, 
is  larger  for  the  eye-bar  cables  not  only  because  of  the  higher  unit  cost  ol 
manipulation  but  also  on  account  ol  the  greater  weight  of  metal  to  be  put 
in  place. 

Fowrth,  The  lowest  point  in  the  catenarj^  of  the  wire  cables  can  be 
located  very  close  to  the  top  surface  of  the  deck,  thus  making  the  height 
and  the  cost  of  the  tower  columns  a  minimum.  Owing  to  the  necessity 
for  keeping  the  bottom  chords  of  the  crescent  trusses  above  the  elevation 
the  floor,  and  because,  for  a  fair  comparison,  the  center  lines  of  the  pain 
of  eye-bar  cables  must  coincide  with  those  of  the  wire  cables,  it  is  necessary 
to  raise  the  tops  of  the  towers  several  f(vt ,  thus  increasing  not  onjy  the 
cost  of  the  latter  but  also  the  length  and  cost  of  the  backstays. 

Fifth.  Wire-cable  bridges  do  not  call  for  special  wind  chords  for  the 
lateral  system;  but  in  eye-bar-cable  bridges,  owing  to  the  omission  of 
special  stiiTening  trusses,  it  is  necessaiy  to  provide  such  chords;  and  this 
item  is  likely  to  be  c}uite  expensive. 

Sixth.  The  poiind  price  of  the  wire  cables  is  comparatively  h'l^h,  being 
at  present  about  twice  iis  great  as  that  for  eye-bar  cables  of  nickel  steel. 

Scvcnih.  The  attachment  of  the  wires  at  the  anchorages  is  both 
tedious  and  expensive,  whilst  that  of  the  eye-bars  is  simple  and  expeditious. 

Eighth.  The  win^  cables  recjuire  stiffening;  trusses;  but  the  two  tiers 
of  e^'e-har  cables  are  in  tension  under  all  conditions  of  loading;  and  hence 
they  can  serve,  without  st  iffening,  ji^s  the  compression  chords  of  the  cres- 
cent trusses  wliich  are  formed  by  the  addition  to  them  of  vertical  posts 
and  adjustable  diagonals. 

Ninih.  There  is  an  uncertainty  in  res])ect  to  stress  distribution  in  the 
stiffening  trusses  of  the  wire-cable  bridLre  that  does  not  exist  in  the  eye-bar- 
cable  structure,  although,  strictly  s]M>aking,  the  adjustable  diagonals  in 
the  latter  iiuolve  a  small  amount  of  ambiguity  in  the  division  of  the 
shear.  All  stresses  in  the  eye-bar-cabli^  l)ridge»s  can  hv  determined  with 
accuracy  by  the  established  princi]iles  of  statics,  whilst  those  in  the  stif- 
fening trusses  of  wire-cable  ])ri<ip  s  an^  found  approximately  by  several  dif- 
ferent theories  based  upon  assiim]itions  which  are  sometim(*s  of  more 
than  doubtful  accuracy;  and,  consequently,  considerable  uncertainty 
concerning  the  maximum  sti-esses  to  be  proviiled  for  is  involved. 

To  as  great  an  extent  as  practicable,  all  of  these  governing  conditions 
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have  been  duly  oonndered  in  making  the  eoononuo  studiee  for  the  prep- 
aration (tf  this  memoir. 

When  the  layout  of  the  inyestigatioii  for  the  eolutkm  of  the  eoonomie 
proMem  herein  cHseuaBed  was  first  considered,  it  was  intended  to  make  the 
said  investigation  comparatively  diort  by  confining  it  to  spans  of  only 
one  length  and  having  but  one  live  load.  That  8pai^4ength  was  1,750 
feet,— selected  because  it  was  used  by  the  author  in  his  prdiminaiy  sludy 
of  the  proposed  crosong  of  the  Delaware  River  between  Philadelpliia,  Pia., 
and  Csmden,  N.  J.,  made  for  the  Camden  Bridge  CommissionerB. 

The  proposed  structure  consisted  of  a  sini^  suspension  spaa  with 
backstays,  ib»  approaches  to  it  being  either  steel  or  reinforced-concrete 
trestleworic,  entirdly  independent  of  the  main  span.  The  ded^,  in  a  later 
modification,  was  laid  out  for  a  double-track  electric  rsiiway  at  the  middle, 
a  pave<l  roadway  supported  by  a  reinforced-concrete  base  twenty-two 
feet  wide  in  the  clear  on  each  side  thereof,  and  two  sidewalks,  each  ten 
feet  wide,  cuntilcvorcd  beyond  the  trusses,  of  which  there  were  four  hnes. 
In  the  first  design  each  of  those  trusses  consisted  of  two  eye^Nur  cables 
forming  two  crescents,  each  with  a  web  s>'st«m  between  composed  of 
vertical  posts  and  adjustable  tension  diagonals,  but  later  there  was  also 
figured  a  wire-cable  structure  with  stiffening  trusses.  In  each  case  the 
towers  consisted  of  braced  steel  columns  with  segmental-roUer  pedestals 
resting  on  concrete  shafts  supported  by  pneumatic  caissons  sunk  to  bed 
rook  at  a  depth  of  about  one  hundred  feet  below  low  water.  The  anchor- 
ages were  to  be  of  plain  concrete  either  supported  by  piles  driven  to  bed 
rook  or  else  resting  directly  on  a  foundation  of  satisfactorily-hard  material, 
should  such  be  encountered  when  making  the  lx)rings.  Fig.  29a  gives 
the  layout  for  the  wire-cable  type,  and  Fig.  286  that  for  the  ^e-bar-cable 
structure. 

The  first  set  of  calculations  prepared  for  this  paper  was  based  on  the 
preceding  data  and  consisted  of  five  deaigns  and  estimates  of  cost  of  fin- 
ished bridge  uj^on  tlie  following  lines: 

First.    Wire  cables  of  very  high  elastic  limit  and  ultimate  strength. 

Second.  Mayarf-stcel  eye-bar-cablcs  havini:;  an  (>lastic  limit  of  50,000 
lbs.  per  square  'nch  and  an  ultimate  strength  of  8o,0(X)  lbs.  per  .square  inch. 

Third.  High-grade,  nickel-steel  eye-har-cables  having  an  elastic  limit 
of  60,000  lbs.  per  square  inch  and  an  ultimate  strength  of  100,000  lbs.  per 
square  inch. 

■Fourth.  Heat- treated,  alloy-stec^l  eyc^l jar-cables  having  an  elastic 
limit  of  at  least  75,0(N)  lbs.  per  square  inch  and  an  ultimate  strength  of 
115,000  lbs.  per  s(|uare  inch. 

Fifth.  Heat-treated,  alloy-steel  eye-liar-cables  having  an  elastic  limit 
of  at  least  l(Hi,()(>0  lbs.  per  square  inch  and  an  ultimate  strength  of  150,000 
lbs.  per  scjuare  inch. 

The  specifications  used  for  the  designing,  as  far  as  they  woukl  apply, 
were  those  given  in  Chapter  LXXVill  of  ''Bridge  Engineering,"  and  the 
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intenatties  of  worioDg  stmaeB  for  the  wire 

ineh  for  wire,  and  either  oiie^ialf  of  tlie  elastic  limit  or  oi»4faird  of  the 


ultimate  strength  for  eye-bars,  t  he  lower  of  the  two  values  being  a(loi)tecl. 
The  material  for  stifTening  trusses,  webs  of  crescent  trusses,  floor-systems, 
lateral  qrstems,  towers,  and  anchorages  was  astiumud  to  be  commercial 
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iiiekel  steel,  ha^idng  an  elastic  Umtfc  of  66,000  Ibe.  per  square  Inch  and  an 
uUimato  strength  of  00,000  lbs.  per  square  inch. 

The  live  loads  emidoyed  were  as  folknra: 

For  thejflooivqrsteni, 

Chuss  25  for  the  electric  railway, 
Class  B  for  the  roadways, 
Class  C  for  the  sidewalks. 

For  the  trusses  a  logical  combination  ol  these  loads  was  adopted;  and 
a  ten-oar  subway  train  was  assumed  on  each  track  when  figuring  the* 
stifTening  trusses  of  the  wire-cable  structure  and  the  eresoent  trusses  ol 
thv  (>ye-bar-cable  structure.  When  finding  the  moments  and  shears  for 
the  former,  in  order  to  give  the  wire-cable  bridge  the  best  passible  chance 
to  compete,  the  ends  of  its  stiffening  tru»^s  were  a88ume<l  to  be  anchored 
down,  although,  of  course,  not  fixed,  and  the  theory  of  stress  determin»- 
'  tion  adopted  was  the  approximate  method  given  in  Johnson,  Bryan, 
and  Turneniiro's  "Modern  Framed  Structures,"  Part  II,  instead  of  the 
older  method  of  Dr.  Wm.  H.  Burr,  which,  for  convenience  and  simplicity, 
was  taken  as  standard  by  the  author  in  writing  Chapter  XXVII  of  "Bridge 
Engineering."  The  result,s  of  the  two  theories  do  not  differ  greatly,  esi>e- 
cially  for  ends  of  trusses  anchored,  but  the  latter  theoiy  requires  a  httle 
less  metal. 

In  order  to  ascertain  the  weights  of  metal  in  the  crescent  trusses,  there 
was  assumed  for  each  panel  jxjint  a  load  of  unity ;  and  its  etTeet  was  com- 
puted for  every  web  member  and  everA'  chord  member  thereof,  thus 
rendering  it  easy  to  find  all  the  live  load  stresses  and  dead  load  stresses  by 
means  of  the  slide-rule.  These  index  stresses  were  checked  by  an  ind^ 
pendent  computer. 

After  thv  fii-st  set  of  computations  was  complete<l,  the  question  arose 
as  io  whether  the  assumption  of  a  double-<ieck  structure  carr\'ing  a  much 
greater  projwrtion  of  electric-railway  live  load  would  have  caused  any 
material  changes  in  the  results;  and  it  w;is  decideil  to  repeat  the  calcu- 
lations for  a  set  of  five  double-tleck  structures.  The  result  indicated  no 
serious  disagreement,  as  is  shown  in  Table  29a. 

An  analysis  of  this  table  shows  how  very  little  variation  there  is  Iwtween 
single-deck  antl  double-deck  bridges  in  res|)cct  to  the  pr()ix)rtions  of  the 
various  materials  in  wire-cable  structures  and  the  corresjwnding  eye-l)ar- 
cable  structures.  For  this  reason  in  what  follows  the  author,  with  a  clear 
conscience,  has  drawn  his  general  conclusions  from  computations  on  single- 
deck  structures  only,  thus  sai-ing  consideral)le  time  and  expense.  His 
so  doing  is  a  good  illustration  of  the  application  of  the  "economics  of  | 
bridgework"  which  he  is  endeavoring  to  expoimd. 

The  invastigations  made  up  to  this  point  pemiitted  the  establishment 
of  a  number  of  fomuilae  for  quantities  of  materials  involving  variations  in 
span  length  and  loading,  thus  permitting  of  an  extension  of  the  study 
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without  a  seriously  great  augmentation  of  labor  and  eapenee.  These 
fovmubs  aie  atriotly  logical  in  fomu  Thegr  were  derived  on  a  thecnetical 
basis,  the  ooeffieients  thus  determined  being  changed  a  few  per  oent» 
where  neoessaiy,  to  agree  with  the  computed  weights  for  the  various 
sii'ucUuns  iridch  had  been  worked  out  oompletdy.  It  waSf  therefcney 
decided  to  compute  and  record  quantities  for  shorter  and  loqger  spans  in 
order  to  prapaie  curves  giving,  for  all  practicable  span^jengths^  the  quan^ 
titei  of  an  materials  fwr  Unealjaclt  t(  mosn  «}Nm. 

TABLE  29a 

Ratio  or  QuANnnxB  or  Matbaiaub  in  Etb-bab-cabub  Bbidoks  to  tbosb  m 

Wm-OABUi  Bmpow. 


RatiM 


Elastic 
Limito 

of 

CftbteB 

NidralSleel 

AnrlioraRcs  and 
i'ier  iShafte 

FlerBaaeB 

Single 
Deek 

Double 
Deok 

Single 
Deck 

Double 

Deck 

Single 
Deck 

Double 
Deek 

Single 
Deek 

Double 
Deck 

50,000 
60,000 
70,000 

HMMno 

3.76 
2.82 
2.06 
1.48 

3.75 
8.82 
2.0B 
1.41 

o.7;i 
0.08 
0.06 
0.08 

0.69 
0.06 
0.02 
0.00 

1.09 
1.06 
0.00 
0.04 

1.08 
1.02 
0.96 
0.06 

1.16 
1.06 
1.00 
1.00 

1.15 
1.06 
0.06 
0.88 

• 

•  Hie  formuke  referred  to  are  the  following: 
WiBB  Cable  BunGEs. 

Weight  of  One  Chord: 

Effect  of  live  Load  Reversal  Neglected, 

IF.-0.09^'^0.8+4|^,  butnot<0.(»^. 

Fifty  Per  Cent  of  lleversal  Stress  Added  to  Main  Stress, 
ir.-0.12^^0.9+1.6^^,  butnot<0.12^. 

Seventy  Five  Per  Cent  of  Reversal  Stress  Added  to  Main  StreoB, 

IF. = 0 . 132  ^  ^0 . 92 + 1 . 1  ^ ,  but  not  <  0 .  m 

Wdght  of  Web  Membefs: 
rravt  system. 
BSiect  of  Live  Load  Reversal  Neglected, 
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Fifty  Per  Cent  of  Reversal  Strees  Added  to  Main  Stress. 

Sevenfy^ve  Per  Cent  of  Reversal  Stress  Added  to  Main  Stren. 
ir..l.«^(^)=4.38^farp-<l 

Warren  Sjrstem,  Single  or  Double-Cancellation,  with  Vertioabi 
Effect  of  Live  Load  Reversal  Neglected, 

Fifty  Per  C5ent  of  lieversal  Stress  Added  to  Main  Stress. 
Tr.-1.26^'(£i^)-8.12?forp-d: 

Sevenlgr-five  Per  Cent  of  Reversal  Stress  Added  to  Main  Stress. 

Notation. 

i  =  Main  span  length  in  feet; 

d  =  Depth  of  stiffening  truss  in  feet; 

p=  Panel  length  of  stilYtning  truss  in  feet; 

i= Transverse  distance  l^etween  chords  carrying  wind  stresses; 

L  =  Live  load  in  pounds  per  lineal  foot  of  truss; 

tt;  =  Transverse  wind  load  in  pounds  per  lineal  foot  of  bridge; 

«= Working  stress  in  tension,  in  jwunds  per  square  inch; 
We  =  Weight  of  one  chord  in  pounds  jx^r  lineal  foot; 
W»  =  Weight  of  web  members  in  pounds  per  lineal  foot  of  truss. 

Main  Cables, 
Weiglits: 

0.45PsecJ8         .  0.45PsecB  ,^ 

19-0.452^  sec  £  J  »z> 

rs—O.iol^  sec  Bj 

r/l=i,        eeeB=l.O»i,  i'/J=1.032; 
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Notation. 

Z=Main  span  length  in  feet. 

V^JjBDgiii  of  cable  of  central  span  in  feet 

r^Rise  of  cable  in  feet. 

B = Angle  ol  inclination  of  cable  at  tower. 

D«> Superimposed  dead  load  in  pounds  per  lineal  foot  of  bridge 

(exclusive  ol  weight  of  cable). 

L=Liye  load  in  pounds  per  lineal  foot  of  bridge. 

Workinf?  tensile  stress  in  cable  in  pounds  per  square  inch. 

Yr»  Weight  of  cable  in  pounds  per  foot  of  cable. 
J* 

W-j^W&^t  of  cable  in  pounds  per  lineal  foot  of  bridge. 

r  1 

Etmab  Cablb  BiiiDon»  iob  j^^. 
Weight  of  £Jye4)ar8  in  Main  Span. 


NotatioD. 

("Length  of  main  span  in  feet 
r>-Rise  of  eaUe  in  feet 
d'Maximum  depth  of  crescent  truss  in  feet 
p->Banel  length  of  crescent  truss  in  feet 
DysSuperimposed  dead  load  in  pounds  per  lineal  foot  of  bridge 
(ejEchisiYe  of  weight  of  eyeAitm,  but  if>«i»H'"g  weight  of 
web  members  of  cable). 
L^lAve  load  in  pounds  per  lineal  foot  of  bridge. 
s= Working  stress  in  tension  in  pounds  per  square  inch. 
Tr«= Weight  of  eye-bais  in  pounds  per  lineal  foot  of  bridge. 
1F«">  Weight  of  web  members  of  crescent  truss,  in  pounds  per 


The  span-lonpth  selected  for  the  low  limit  of  the  computations  woa 
1.200  feet,  and  that  for  the  high  limit  thereof  was  2,300  feet,  thus  giving 
for  all  diagranis  three  points  through  which  to  pass  each  curve.  Ordinarily, 
it  is  not  safe  to  plot  a  curve  through  three  points  only;  but  in  tiiis  case 
there  were  at  hand  several  similar  curves  for  suspension  bridges  estaln 
lished  previously  by  the  author  for  another  ccouomic  investigation,  hence 
no  mistake  was  made  in  the  plotting. 

The  results  of  the  computations  are  shown  in  Figs.  29c,  29r/,  and  2f)c. 
In  Fig.  29r  are  recorded  on  four  separate  diagrams  the  quantities  of  the 
various  materials  for  wire-cable  bridges  of  span-lengths  varying  from 


Weight  of  Web  Members  of  Cable. 


lineal  foot  of  bridge. 
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1,000  feet  to  8,000  feet  The  curvee  are  for  ain^e-dedc  etoucturee;  hat 
the  quantitiee  found  for  the  double-deck  structures  of  1,750  feet  spaa  aie 
flhown  by  dioit  dotted  lines.  In  Fig.  29d  are  indicated  in  a-siniilar  manner 
the  weights  of  metal  per  iineiil  foot  of  main  span  for  alloy-eteel  eye-bare  in 

i;  and  in  Eig.  20e  an  reoorded  «'*^'*T*^M^«nflj!y  the 

OOP    MOO     MO     MOO     20tO     UB9    jtOO     MX)     XO  JEQl 


^soo     aoo  zooo 
Flo.  2Qe.  Quantitiee  for  Wire-O^le  SuspenakxD-BridgeB. 

quantities  of  nickel  stool,  concroto  in  shafts  and  anchorages,  and  mass  of 
materials  in  pier  Inisos  for  such  stnictiiros. 

In  order  to  illiistrato  tho  manner  of  using  th(\so  diagrams  and  at  the 
aame  time  to  draw  t  herefrom  conclusions  concerning  the  present  status  of 
the  economics  of  the  two  iyixia  of  cable  under  discussion,  it  will  be  well  to 
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solve  several  examples  based  on  current  unit  prices  of  the  materials  in 
place.    These  may  be  taken  as  follows: 

Wire  Cables  23ff  per  lb 

Mayarf  steel   10^  " 

Commercial  nickel  steel   11^  " 

High-grade  mckel  steel   12^    '  * 

Concrete  in  pier  shafts  and  anchorages .  .  $16.00  per  cu.  yd. 
Mass  of  pneumatic  bases  $35.00  *  *     *  * 

^  *^      ^      '300  ^      MX)      ISO      2800  300^ 


O30     aoo    MZ>    /SCO    eoo    aooo    zxo    auo    2000    eaoo  xoo 

Fia.  29d.    Weights  of  AUoy-Steel  Eye-bars  in  Eye-bar-Cable  Suspension-Bridges. 

In  pitting  the  eye-bar-cables  of  the  various  alloy-steels  against  wire 
cables  it  will  suffice  to  figure  for  three  spans,  viz.,  those  of  1,000,  2,000,  and 
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3,000  feet.  Attention  is  called  to  the  fact  that  the  costs  found  per  foot  of 
main  span  are  not  total  for  the  structures;  because  the  items  of  costs  of 
deck  and  floor-system,  being  the  same  for  both  types,  have  been  omitted 
for  the  sake  of  simplicity.  The  latecal  qnBtem,  though,  has  been  taken 


Vto.20t.  QiiMtilieioCVaiwwMateridBmibreJiM^^ 

into  account,  because  the  weights  of  metaJ  thereof  in  the  two  types  of 
structure  differ  materially.  The  principal  reason  for  this  is  that,  in  the 
eye-bar  type,  special  wind  chords  will  be  obligatory;  whilst,  in  the  wir&- 
Gahlet  type,  the  chords  of  the  stiffening  trusses  serve  as  wind  chords,  only  a 
amall  inoreaae  in  aecUona  above  thoee  needed  for  live  loads  being  lequiied* 
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liATJOi  SlVBL  CoUFABnON. 

1,000-f ooe  Span. 

From  Fig.  20c  we  can  make  for  the  wireHsable  stnietiiie  the  lolkm^ 
ing  estimate: 


Wire  cables              4^Ibs.  ®  23^   -  1089.00 

Nickel  steel  12^  "  @  11^   «  1^.00 

Flam  concrete  04  cu.  yd.  ®  $16.00«  1,604.00 

Mass  of  bases  28  "      ®  186.00-  060.00 


Total  -$4,816.00 


From  Figis.  29d  and  29e  we  have  for  the  Mayari  steel  the  following 
estimate. 

Mayarf  steel   14,400  lbs.  @    lO^f  =$1,440.00 

Nickel  steel   8,(>(K)  "    («     lip    =      946. 00 


Plain  concrete  98  cu.  yds.       S 1 6 . 00  =   1 ,5(iS .  00 

Mass  of  bases  28  "       ^  $ao.UO«  980.00 


Total  =  H9ii4.00 

2fiO0-Foot  Span, 

WIRE-CABLE  BTRUCTUBB 

Wire  ral )los   8,500  lbs.  @    23jf    -  $1 ,955 . 00 

Nickel  steel   18,000  "    @    11^    -  1,980.00 

Plain  concrete   89cu.yd8.  @  $16.00=  1,424.00 

Mass  of  bases   17   **       @  $35.00-  595.00 


Total  =  15,064.00 

XTB-BAB-CABLB  STBUCTUKE 

Mayarf  Steel   88,600 lbs.  @   10^  -13,360.00 

Nickel  steel   13,800  **  @  11^   -  1,518.00 

Plain  concrete.  100 cu. yds.  (i^  $16.00-  1,600.00 

Mass  of  bases  22  <*  @  $86.00-  770.00 


Total   -$7,248.00 


From  t)ics(»  four  estimates  it  is  evident  that  at  present  prices  untreated 
Mayarf-steel  (>ye-V)ar-cables  cannot  coin|X'te  with  wire  cables  in  suspension 
bridges.  With  (h<'  sliortest  economic  span-lenpth  for  highway  suspension 
bridges,  viz.,  1,(KM)  feet,  in  order  to  coinix'te  with  wire,  the  untreated 
Mayari  steel  would  have  to  \>v  put  in  place  at  a  ]M)und  price  of  less  than 
9.2  cents.  While  this  could  probably  b<'  done  without  actual  lo.s«,  it  can 
readily  be  seen  that,  in  general,  untreated  Mayarf-steel  eye-bars  cannot 
be  empbyed  economically  for  suspension-bridge  cables. 
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Ab  heat-treated,  carbcm-flted  eye-bare  have  an  elastic  limit  of  50,000 
Km.  per  square  inch,  the  samo  as  that  for  untreated  Mayarf-steel  eye-bars, 
and  ae  the  unit  price  erected  is  also  about  the  same,  the  oondiiBwna  reached 

ooncerning  the  latter  will  apply  also  to  the  former. 

A  As  for  heat-treated,  MayaH-steei  eye-bars,  the  author  has  no  data 
regarding  their  strength,  nor  is  he  convinced  that  the  irregularity  in  the 
elastic  limit  of  that  alloy  would  not  mihtate  too  strongly  against  using  it 
in  bridgework  after  heat  treatment.  Judging,  though,  from  the  OQm- 
putatioiis  which  follow  ooncerning  heat-treated  nickel-steel  eye-bars,  one 
would  suimise  that  suspension  bridges  of  heat-treated,  Mayari-steel 
ban  miglhibe  eoonomioal  up  tospftos  of  2,000  feet. 

HlOH-GRADa  NiCKSL-StBBL  Ck)MPABIBON. 

1,000-FooC  i^Nifk 

Sra-BAB-GABLB  STBUCTDBB 

Eye-bar  cables  ll,40()lbs.  @    12ff  =$1,368.00 


Nickel  stwl   8,300  "    @    ll<f    =  913.00 

Plain  concrete  94cu.yds.  Qi,  S10.00=  1,504.00 

Mass  of  bases  27   «*       (a>  $35.00  =  945.00 


Total   =$4,730.00 

2»000^oo<  Span. 

Eye-bar  cables   24,600 lbs.  @    12^  -12,952.00 

Nickel  steel   12,800  "   @    11^    -  1,408.00 

Plain  concrete   94cu.yd8.  (B  $16.00-  1,504.00 

Mass  of  bases   20           @  $35.00-  700.00 


Total   -$6,564.00 


A  oompariBon  of  these  figures  with  those  previously  made  for  wire- 
oable  structures  shows  that  the  high-grade,  untreated,  nickeUrteel  is 
economic  for  1,000-ft.  spans  but  not  for  those  of  2,000  feet»  henoe  let  us 
test  for  an  intermediate  length. 

l,dO0-Foot  Span, 

WIBE-CABLB  8TBUCTUBB 


Wire  cables   6,400 lbs.  ®  23^  -11,472.00 

Nickel  steel   15,000  "  ®  lU   -  1,650.00 

Plain  concrete  88cu.yds.  @  $16.00-  1,406.00 

Man  of  bases  20  ®  $35.00-  700.00 


Total   -$5,230.00 
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KTS-BAB-CABLE  BTBUCTUBB 

Eye-bar  cablee          17,300 lbs.  @  I2i  =$2,076.00 

Nickel  steel  10,100  "  @  \H    =  1,111.00 

Plain  concrete  OOcu.yds.  ^  $16.00=  1,440.00 

Maasofbaaes  20  ©  135.00-  700.00 

Total   -$5,327.00 

From  these  figures  it  is  seen  that  untreated,  high-grade,  nidnMeel 
^ye-ban  can  compete  today  with  wire  cables  for  span-lengths  below  about 
1,400  feet.  If  th^  were  heat4reated,  their  intensities  of  wQildng  streos 
oould  probably  be  made  as  hi|^  as  40,000  lbs.  per  square  inoh,  ooRespond- 
ing  to  an  elastic  limit  ol  80,000  lbs.  or  an  ultimate  strength  of  120^000  lbs. 
The  value  of  these  eye-ban  in  place  would  be  13  oents  per  lb. 

HbA'T-TBBATBD  NlOKXL-SniBL  COMPABIBOBr 

Tfim-FoU  Span, 

ETE-BAB-CABLE  STRUCTUBE 

£bre-bar  cables  16,100  lbs.  @  13^  -98,098.00 

ITickel  steel  11,000  "  @   IH   -  1,300.00 

Plain  concrete  87cu.yds.  @  $16.00-  1,392.00 

Massof  bases  18    'f      @  $35.00-  630.00 

Total  -$6,424.00 

This  is  coii.<iik'i  al)lv  le^s  than  the  cost  previously  found  for  a  wire-cable 
structure,  consequently  let  us  test  for  a  2,500-ft.  span. 

2500-Fooe  Span. 

WIRD-CABLB  STBUCTUBS 

WlreoaUes  10,800  Ihs.  @  23^  -$2,484.00 

Nickel  steel  21,400      ®  lU   -  2,354.00 

Plain  concrete  07  cu.  yds.  &  $16.00-  1,562.00 

MasB  of  bases  19    "     @  $36.00-  665.00 

Total  -$7|055.00 

im-BAB-CABLB  STRUCTUBB 

Eye-bar  cables  21,000  lbs.  @    13<i  =$2,730.00 

Nickel  steel  14,800       ^    11^    =  1,628.00 

Plain  concrete  98  cu.  yds.  (s>  $16.00=  1,568.00 

Mass  of  bases  20     "      @  $35.00=  700.00 

Total  -$6,626.00 
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From  these  aasumed  figures  it  appean  that  heat-treated,  hi|fi<cmd^ 
nickel-«teel  eyo-bare  oould  probably  be  need  eoonoiiiioally  for  euepeiiBioii- 

bridge  spans  up  to  at  least  3,000  feet. 

It  k  within  the  realm  of  possibility  that  in  a  few  years  there  will  be 
manufactured  heaMreated,  chromMiolybdenum-steel  oye^-bars  having  an 
ultimate  strength  of  150,000  lbs.  per  square  inch,  for  w  liich  the  intensity  of 
working  stress  may  be  taken  at  50,000  lbs.  per  flqiiare  inch,  corresponding  to 
a  minimum  elastic  limit  of  100,000  lbs.;  and  that  the  metal  in  place  will 
be  worth  not  to  exceed  15  cents  per  lb* 

Let  us  test  this  for  a  d,00O-f t.  qMUi, 

HKAT-TBaATKD  Chbomb-Moltbdsnum-Steel  Compabison 
aOOO-iPool  span, 

WIBB-CABLB  8TBUCTDBB 

Wire  cables  13,400  lbs.  ^,   23ff  =$3,082.00 

Nickel  steel  25.0(X)        ((i,    11^    =  2,750.00 

Plain  concrete  112  cu.  yds.      $16.00=  1,792.00 

Mass  of  bases  25     "  $35.00=    875  .00 

Total  »$8,4d9.00 

BYB-BAB-CABUD  STBUCTURB 

Eyr -bar  cables  19,000  lbs.  ^    15^f    =  $2,850 . 00 

Nickel  st«ol  17,200  "    (a;    Hp    =  1,892.00 

Plain  concrete  110  cu.  yds.  ^  $16.00=  1,760.00 

Mass  of  bases  22**         @  $35.00  »    770.00  '. 

Total,.  "17^72.00 

From  these  figures  it  is  evident  that  the  hypothetical  "CSuomol"  steel 
at  the  hypothetical  pound  price  used  would  be  much  nune  economical  than 
wire  for  suspension  bridges  of  all  possible  span  leogths. 

RfSUM^  or  FiNDINOS 

Summarizing  the  results  of  the  entire  invest ij^ation,  on  the  basis  of 
present  unit  prices,  the  following  conclusions  are  rcache<l. 

First.  Neitlicr  untreated  Mayan'-steel  eye-bars  nor  heat-treated  car- 
bon-steel eye-bars  can  CQmpctc  with  wire  in  the  building  of  highway  sus- 
pension bridges. 

Second.  If  Mayarf-stccl  eye-bars  after  being  heat-treated  aie  reliable 
and  satisfactor}%  it  is  not  unlikely  that  they  can  comjxjte  with  wire  cables 
for  spans  up  to  2,000  feet. 

Third.  Untreated  eye-bars  of  high-grade  nickel-steel  are  more  eco- 
nomic than  wire  for  spans  up  to  1,400  feet. 
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Fourth.  Heat-ireate  l  eye-bars  of  high-grade  nickel-steel  are  probably 
economic  for  all  span  ?  less  than  3,000  feet. 

Fifth.  If  aatisfactor}'  eye-bars  can  be  macio  of  heat-treated  "Chromol " 
steel,  and  havinp^  an  olastic  limit  exceeding  100,000  lbs.  per  square  inch  and 
an  ultimate  strength  of  not  less  than  150,000  lbs.  per  square  inch,  they  will 
be  more  eeonomioal  than  wire  cables  for  suspension  bridges  of  any  feasible 
span-lengths. 
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■coNomoB  oy  moyablb  spamb* 

In  dealing  with  the  economica  of  movable  spans  it  will  suffice  to  con- 
sider only  those  types  thereof  which  have  survived  the  test  of  time,  rele- 
gating the  others  to  oblivion.  The  description  and  liistory  of  all  such 
types,  good,  bad,  and  indifferent,  will  he  found  in  Chaptere  XXVIII  to 
XXXI,  inclusive,  of  "Bridge  Knginecring."  As  stated  there,  the  sundving 
types  Are  the  swing,  the  basonle,  and  the  vertical  lift;  and  the  first  men- 
tioned, as  will  be  shown  further  on  in  this  chapter,  has  no  longer  any  real 
raison  (VHre.  The  choice  today,  consequently,  is  l)etween  the  bascule  and 
the  vertical  lift,  with  the  preponderance  of  advantage  and  economy  in  most 
cases  favoring  the  latter. 

Before  beginning  a  discussion  of  the  comparative  costs  of  the  three 
surviving  types,  it  will  be  well  to  consider  thoroughly  all  their  important 
advantages  and  disadvantages,  excepting  (tnly  fliose  tliat  relat*'  to  first 
cost  of  construction,  plus  capitalized  cost  of  maintenance  and  repairs. 

Swing-Span  vsbsus  Eithxr  Basculb  or  Vkbtical  Ldt 

First.  The  swing  provides  two  openings,  while  either  the  bascule  or  the 
vertical  lift  affords  only  (Hie.  This  is  claimed  by  the  atlvocates  of  the  swing 
as  an  advantage;  but  it  is  not  often  such,  because  ver>'  seldom  is  there  a 
location  at  which  there  exists  a  possibility  of  the  water  traffic  being  so  great 
as  to  necessitate  the  sinmltaneous  passage  of  vessels  in  opjwsite  directions, 
or  such  a  large  amount  thereof  in  one  direction  as  to  call  for  two  openings. 
Probably  not  one  location  in  a  hundred  would  have  so  many  craft  passing 
that  two  openmgs  would  be  utiUzed  at  the  same  time,  excepting  semi- 
ocoaoonally.  But  if  such  were  the  case,  the  single  opening  could  be 
enlaiged  so  as  safely  to  permit  two  vessels  to  pass  at  the  crossing.  The 
questkm  would  then  arise  as  to  how  greatly  the  single  opening  should  be 
increased  in  otder  to  afford  equal  facility  for  passing,  a£i  compared  with  a 
structure  having  two  openings.  In  the  author's  opinion,  if  the  single 
opening  in  ordinar>'  cases  were  made  twenty-five  per  cent  wider  than  dther 
opening  of  the  swing,  the  facility  thus  provided  for  the  sfemultaiieous  pa»- 

*  This  chapter  was  presented     a  memoir  to  the  American  Raflway  EngineerinR 

Afworiation  in  Dor..  1020,  and  is  now  due  to  appear  in  its  "Prnr('»>(Jinps. "  It  will  b«» 
submitted  to  the  leadin<r  briflso  rnciruers  of  this  country  (both  in  and  outside  of  the 
Association)  for  a  thorough  Uiscuiiuiuu. 
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aage  of  two  VQflsebwocdd  not  be  inferior;  but  for  email  openingB,  of  ooune, 
this  peroflotage  of  inoreiiee  would  have  to  be  much  greater. 

Second,  The  swing,  on  account  of  either  its  jnvot  pier  or  its  draw  pro- 
tection, offers  much  more  obetnidaon  to  the  flow  of  water  than  does  either 

of  the  other  types. 

Third,  The  cost  of  maintenance  is  more  in  a  swing  span  than  in  either 
of  the  others  on  account  of  the  upkeep  and  periodical  replacement  of  a 

costly  and  perishable  drawn  protection. 

Fourth*  The  swing,  of  necessity,  occupies  space  outside  of  that  required 
for  the  accommodation  of  land  traffic,  while  the  other  types  do  not. 

Fijih.  The  least  practicable  time  of  operation  is  usually  twice  or  thrice 
as  great  for  a  swing  as  for  a  correeponding  single-leaf  bascule  or  vertical 
lift. 

Sixth.  Either  the  vertical  lift  or  the  single-leaf  bascule  affords  better 
automatic  adjustment  of  the  railroad  tracks  thereon  than  does  the  swing 
span. 

Srrenih.  In  the  case  of  future  enlargement  of  bndfjo  to  accommodate 
an  increase  of  traffic,  the  swinjr  has  to  be  torn  down  and  rebuilt}  but  a 
vertical  lift  or  a  bascule  ean  simply  l)e  duplicated  alongside. 

Eighth.  The  dancer  of  tlie  span's  being  struck,  when  in  motion,  by 
passing  vessels  is  inucii  greater  in  the  case  of  a  swing  than  in  that  of  either 
of  the  other  types. 

Ninth.  Tlie  wider  the  roadway  of  a  swing  the  more  obstructive  does 
it  become  to  navigation,  whilst  the  widening  of  either  a  vertical  lift  or  a 
ba.scule  ckx's  no  harm  thereto  wliat soever. 

Tenth.  In  passing  vesst^ls  witii  low  mafts,  a  swing  has  to  open  just  as 
full\-  as  for  a  high-masted  craft,  wliich  is  not  the  case  with  a  vertical  lift 
or  a  bascule. 

Elcirnth.  In  sand-bearing  streams  the  protection-works  for  the  mov- 
ing span  of  a  swine  br  idge  cause  a  deposit  of  sediment,  and  thus  often  tend 
to  obstnict  nuvigatKjn. 

Twelfth.  In  the  ca.se  of  a  shifting  channel,  the  two  openings  in  a  swing 
may  score  an  advantage  for  tliat  tyjje  over  the  other  types,  in  that  vessels 
might  be  able  to  pass  through  one  opening  after  the  other  has  been  silted 
up;  but  under  such  conditions  the  silting  is  more  than  likely  to  block  both 
openings.  Moreover,  for  such  conditions  the  vertical  lift  is  far  superior 
to  the  other  two  types,  in  that  the  design  of  the  structure  can  be  made  so 
as  to  raise  at  any  time  any  one  of  several  similar  spans,  simply  by  shifting 
thereto  the  towers,  the  machinery,  and  the  house  or  houses. 

Vebtical  Lut  versus  Bascule 

Comparing  the  verticid  lift  with  the  bascule,  the  former  has  seversl 
advantages,  amongst  which  may  be  mentioned  the  following: 

Ftrri.  The  floor  is  always  horisontal,  permitting  the  employment  of 
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any  type  of  deck  that  can  be  used  on  a  fixed  ^Mm,  which  is  not  the  case 
for  a  bascule.  That  type  of  movable  span  necesBitateB  a  timber  deck  with 
ha  oooaequent  fire-risk. 

Second,  Great  wind  preflsuie  during  operat  ion  has  no  appreciable  effect 
on  a  vertical  lift,  while  it  may  cause  iwriouB  delay  to  a  baecutei  or  even, 
UBder  extreme  conditions,  prevent  its  operatkm  altogether. 

Third,  The  vertical  lift  does  not  have  to  rise  so  high  for  low-masted 
pasfliiig  craft  as  does  the  bascule;  and  thus  it  saves  a  considerable  amount 
of  time  and  power. 

Fourth.  In  railroad  bridges  when  the  movinp?  sjmn  is  down,  it  acts 
just  like  any  fixed  span,  as  far  as  operation  under  traffic  is  concerned,  which 
cannot  be  said  for  either  the  swing  or  the  double-leaf  bascule;  or,  in  other 
words,  for  railroad  traffic  the  vertical  lift  is  the  most  ripid  of  the  three  types, 
excepting  only  in  the  case  of  the  single-leaf  bascule,  which  is  usually  quite 
rigid. 

Fifth.  In  case  of  a  shifting  channel,  it  is  feasible  to  make  a  number  of 
the  spans  alike  and  to  arrange,  for  any  time  in  the  future  and  at  com- 
paratively moderate  expense,  to  have  tlu^  towers  and  machineiy  taken 
down,  transferred,  and  re-erected,  so  as  to  lift  nnv  one  of  the  said  like 
spans.  This  could  not  by  any  possibility  be  done  in  the  case  of  any  other 
type  of  movable  structure. 

Sixth.  The  vertical  lift,  when  its  towers  do  not  rest  on  flanking  spans, 
lends  itself  readily  to  a  future  raising  or  lowering  of  1h(>  grade  line  in  a  way 
that  no  other  type  of  movable  span  can  possibly  do;  for  all  that  is  neces- 
sary is  to  change  the  elevation  of  the  l)earings  of  the  lift  span.  If  a  change 
of  grafle  be  anticipated  when  the  plans  are  being  prepared,  provision  should 
be  made  therefor  by  increasing  a<le(iuatelj'  the  heights  of  the  towers;  but 
if  at  any  time  the  grade  on  a  vertical-lift  bridge  of  the  type  mentioned,  for 
which  no  such  preparation  has  been  nuule,  has  to  be  raised  to  such  an 
extent  that  there  will  l>e  interference  because  of  t  he  counterweights  reaching 
the  new  decks  of  the  approaches  in  the  towers,  the  result  desired  could  be 
accomplished  by  arranging  for  a  small  portion  of  the  said  approaches  to 
move  either  laterally  or  vertically  out  of  the  way  of  the  counterweights, 
whenever  a  very-tall-masted  vessel  has  to  pass,  p^or  any  other  vessel,  how- 
ever, these  moving  approaches  would  not  have  to  be  utilized;  consequently, 
they  would  seldom  need  to  be  operated. 

SegenOt.  The  vertiesl  lift  accommodates  itself  to  a  skew  crossing  far 
better  than  does  the  bascule,  as  in  the  latter  the  tail  has  to  be  squared, 
while  in  the  former  both  the  span  and  the  towers  may  be  skewed,  thus 
reducing  the  dear  waterway  (and  consequently  the  kogth  of  moving 
span)  to  a  minimum. 

EighOL  By  spanning  the  opening  between  tope  of  towers  in  a  vertioat 
lift  bridgei  electric-wires,  water-pipes,  and  gas-pipes  can  be  carried  across; 
but  the  accomplishment  of  this  in  the  case  of  a  bascule  or  a  swing  would 
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neoeentate  either  espenaive  and  troobleBome  submarine  eabks  and  ooo- 
duits  or  special  towers  for  caiiying  an  overhead  span. 

Ninlh,  The  inhei«ntsimpfid1y  of  the  vertical  lift  as  a  piece  cfmeehan- 
ism,  compared  with  the  bascule,  makes  it  more  reliafale  in  operation,  and, 
on  that  account,  somewhat  less  eiqpensive.  For  t^s  reason  the  vertical 
lift  would  have  an  advantage  over  the  bascule  in  many  foreign  countries, 
such  as  those  of  Latin  America,  where  the  conveniences  for  repairing  or 
replacing  parts  are  not  dose  at  hand. 

Erection  requirements  or  other  special  conditions  at  a  site  often  affeet 
material^  the  relative  economics  of  the  various  types  of  movable  spans— 
sometimes  to  such  an  extent  as  to  outweigh  afl  other  eonsideratioDs. 
They  may  affect  either  favorably  or  unfavora^y  any  of  the  diffiarent 
types.  Any  given  site  should,  tiierefore,  receive  special  study  from  this 
viewpoint* 

EcoNOMicB  OP  SwnfQ  Spans 

Althoufih  the  author  does  not  believe  that  there  is  to-day  any  necessity 
for  this  type  of  structure  nor  any  advantage  to  be  derived  from  building 
one;  yet,  as  all  engineers  may  not  agree  with  him,  it  will  be  well,  in  order 
that  this  chapter  may  not  be  lacking  in  completeness,  to  give  a  short  disser- 
tation concerning  the  economics  of  some  of  the  different  types  of  swing 
in  common  use. 

Rim-Bearing  vertua  Center^Bettriiig  Sjmns 

The  clioice  l)etweeii  these  two  types  is  mainly  a  matter  of  taste  or 
sometimes  one  of  prejuthre;  for  there  is  no  great  difference  in  their  first 
costs,  what  there  is  V»eing  in  favor  f)f  the  hitter,  which  also  has  a  sUght 
advantage  in  respect  to  amount  of  power  required  to  operate.  In  the 
autlior's  o]iinion,  tlie  principal  ('cont)mic  advantage  of  the  center-beariDg 
type  is  due  to  the  smaller  diameter  of  the  pivot  pier. 

Thert>  is  a  dilTerence  of  opinion  amongst  railroad  engineers,  and  even 
amongst  high  authorities  on  bridges,  concerning  both  the  relative  merits 
and  the  economics  of  tluse  two  types.  The  late  C\  C.  Schneider,  Past 
PresideFit  of  the  American  Society  of  Civil  Engineers,  said:  "The  center- 
beariiig  ty])e,  designed  in  accordance  with  good  nunlern  practice,  offers 
moH'  advantages  than  the  rim-bearing  ty[x^,  and  should  always  receive 
the  first  consideration  in  (h'tennining  upon  a  design.  It  requires  less  jwwer 
to  turn,  hjis  a  smaller  number  of  nun-ing  parts,  is  less  ex{K'nsive  to  con- 
struct and  maintain,  involves  less  accurate  construction  than  the  rim- 
bearing  bridge,  and  does  not  as  easily  get  out  of  order.  The  structural 
and  the  operating-machinery  parts  are  entirely  separate;  and  when  the 
bridge  is  closed,  it  forms  either  two  independent  fixed  spans,  or  a  fixed  span, 
continuous  over  two  openings,  resting  on  firm,  substantial  supports. 
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There  are  no  ambigtiitiee  in  the  oalouktkme  in  reference  to  the  dietribvtiQii 
of  the  kiad;  and  the  dietanoe  required  from  base  of  rail  to  maaomy  ia 
ffoenSfy  km  than  that  required  for  a  rim-bearing  l»idge  with  i»oper  dia- 
tributiam  of  the  load  over  the  drum.  Any  iiregubr  aettkment  of  the 

masonry  does  not  materially  affect  its  operation. 

"  On  the  other  hand,  the  rim-bearing  bridge  requiree  a  circular  girder 
or  drum  of  difficult  and  expensive  construction,  a  ring  of  accurate- 
turned  rcdlofi,  and  circular  tracks  that  necessitate  great  care  in  their  con- 
struction and  delicate  adjustment  in  their  erection,  in  order  to  make  the 
bridge  operate  aatisfactorily.  Repairs  are  troublesome  and  expensive; 
and  any  iiregular  settlement  of  the  masoniy  will  throw  the  whole  •turn- 
ing apparatus  out  of  order." 

As  an  illustration  of  diametrically  opposite  opinion,  the  following 
quotation  from  a  printed  statement  by  the  late  C.  H.  Cartlidge,  foimerly 
Bridge  Engineer  of  the  Chicago,  Burlington,  and  Quincy  Railway,  is 
directly  to  the  point.  "The  writer's  experience  with  center-bearing 
draw-spans  has  been  such  as  to  prejudice  him  against  them  for  spans  of 
any  magnitude.  It  stM^ms  difficult  at  any  reasonable  cost  to  iirojwrtion 
the  pivot-bearing  so  that  it  will  not  wear;  and  any  wear  on  a  jiivot-ljoaring 
is  exp>cnsive  to  repair.  On  one  draw  the  wearing  away  of  the  bronze  bear- 
ing in  the  pivot  allowed  the  upfK'r  and  lower  eastings  to  rub,  making  the 
turning  of  the  draAv  a  very  noisy  operation,  while  the  few  wheels  provided 
to  steady  the  span  during  turmng  were  overworked  and  cut  the  circular 
track  badly." 

There  is  a  combination  of  the  rim-bearing  and  the  center-bearing 
swings  advocated  by  some  cngincMTs;  but  the  author,  on  general  principles, 
objects  to  hybrid  designs,  and  esjM'cially  in  this  case  where  tluTC  nuist 
exist  a  great  uncertainty  concerning  the  distribution  of  load  between  rim 
and  pivot. 

Bob-Tailed  Swing  vemta  Ordinary  Swing 

While  there  is  apparently  a  saving  in  first  cost  by  cutting  down  the 
length  of  one  arm  of  a  swing-si)an  so  as  to  convert  it  into  a  "bob-tailed" 
structure,  that  saving  is  generally  absorlx'd  by  th<'  adoption  of  more 
powi'r  and  heavier  machinery  (with  which  to  oj)erate  against  unbalanced 
wind  lotids),  heavy  counterweights,  and  the  special  metal  needed  to  support 
the  siiid  counterweights. 

There  are  other  cjuestions  of  economics  in  swing  sijuns.  such  as  plate- 
girder  versus  tniss-span  structures,  and  continuous  versus  non-continuous 
trusses  over  pivot  piers;  but  in  view  of  the  fact  that  the  author  is  opposed 
on  ])rinciplc  to  building  any  more  swing  sjians,  it  were  useless  to  carry 
further  this  economic  dissertation,  especially  as  the  subject  of  swing  bridges 
is  treated ^uite  thoroughly  in  Chapter  XXIX  of  "Bridge  Engineering." 
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Economics  of  BAscuiiS  Spams 

Bascule  Bpaaa  may  be  divided  into  two  general  cIubocib  iring1&4eaf  and 
double4eaf.  The  former  type  is  superior  to  the  latter  in  rigidity  but 
inferior  in  appearance,  because  of  ladk  of  symmetry.  In  the  opinion  of 
most  railway  engineers,  on  account  of  the  diflicuHy  in  properly  connecting 
the  outer  ends  of  the  two  leaves,  the  doubMeaf  bascule  ou^t  not  to  be 
employed  for  steam-raihvay  bridges,  for  the  reason  that  the  lack  of  rigidity 
and  the  great  deflection  involved  are  not  compatible  with  truly-first-dafls 
construction. 

There  is  an  economic  question  in  connection  with  bascules  that  is  vcqr 
difficult  to  solve,  vis.,  what  is  the  distance  between  centers  of  bearing 
which  it  wiD  save  in  first  cost  to  diangstan  a  sinc^leaf  to  a  doubMeaf 
structure?  In  the  case  of  a  bridge  in  which  the  counterweii^tB,  the 
machinery,  and  their  supporting  metal  are  below  the  deck,  the  economic 
limit  for  the  sin^e-leaf  span  will  almost  always  be  lees  than  it  is  when 
those  parts  of  the  structure  are  above;  and,  in  the  fonnor,  the  doeer  the 
deck  is  to  hii^water  level,  the  shorter  will  be  this  limiting  economic  dis- 
tance. The  reason  for  this  is  that,  wit  h  a  single-leaf  structure  and  a  small 
vertical  distance  between  grade  and  tii^^h  water,  unless  the  moving  i^Mn 
be  short,  either  the  counterweight  will  be  excessively  heav>',  or  else  a  pit 
will  have  to  be  provided  to  receive  the  tail  end.  The  adoption  of  either 
of  these  expedients  causes  the  cost  of  structure  to  rise  rapidl}'. 

One  of  the  ressons  why  the  cost  of  a  two-leaf  buscuU'  tends  to  exosed 
that  of  the  corresponding  one-leaf  structure  is  that  in  the  former  there 
must  be  a  holding-down  reaction  at  each  end;  and  because  that  reaction 
involves  the  use  of  considerable  extra  metal  in  the  flanking  spans  or  over 
the  piers — ^much  of  it  being  high  priced.  Since  this  anchorage  is  required 
for  Hve  load  only,  it  follows  that  the  condition  of  small  live  load  and 
largt;  dejid  load  favors  the  double-leaf  bascule,  whereas  that  of  large  live 
load  and  small  dead  loatl  favors  tlie  single-leaf  tyj>e. 

With  countiTweitrhts,  towers,  and  machinery  alxjve  the  dvrk,  the 
clear  op<'ning  for  (  (jiial  cost  of  one-leaf  and  two-leaf  spans  is  probably  so 
great  iis  to  exceed  the  length  above  which  it  Ix^comes  economic  to  pass 
from  bascule  to  vertical  Hft.  While  the  author  has  made  no  special 
figures  to  establish  beyond  all  doubt  the  correctness  of  this  statement, 
his  experience  with  bjiscule  designing  warrants  him  in  drawing  the  con- 
clusion. He  is  of  the  opinion  that,  for  the  overhead-<'ount(uweight  tyj>e, 
the  length  for  ecjual  cost  lies  between  one  hundred  and  fifty  and  two 
hundred  fwt;  and,  for  such  a  spati-iength,  the  vertical  Uft,  for 
the  sake  of  economy,  if  for  no  other  reason,  should  supplant  the 
bascule. 

It  is  also  the  author's  opinion,  based  on  ])ractical  ex|)eri('r)c(>  rather 
than  upon  extensive  special  economic  computations,  that  the  <loul)le-leaf 
type  of  bascule  is  necessitated  only  by  re4U>on  of  a'sthetics  or  because  of  a 
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too  limited  vertical  di«tonoft  between  the  elevations  of  grade  and  hi|^ 
water. 

The  simplest  form  of  bascule  is  the  ordinary  heel-counterbalanced, 
trunnion  type;  and  this  is  the  kind  which  is  generally  adopted  when  the 
minimum  clearanco  allowed  above  water  will  p(>rniit.  In  many  cases  the 
height  is  not  sulticient  for  the  heel  of  the  span  and  tiie  counterweight  to 
clear  the  water  or  the  pier-tops,  and  then  the  span  must  be  lengthened 
and  a  water-tight  pit  must  be  proxided  into  which  the  said  heel  and  the 
counterweight  may  descend,  i  he  expense  of  const  met  ion  thus  involved 
is  very  great;  and,  conseciuently,  tlie  more  compHcatcd  and  unsightly 
types,  having  towers  and  counterweights  above  the  roadway |  are  re- 
BOrted  to. 

Sometimes  cast^  occur  in  which  the  height  above  water  is  insufRcient 
for  a  simple,  heel-balanced  ])ii(lge  of  the  ordinan,'^  tyi)e  without  water- 
tight pits,  and  where  the  adoption  of  unsightly  towers  and  count erwoiglits 
is  barre<l  for  astiietic  reiis*)ns.  Again,  in  the  usual  htH'l-counterbalanced 
tnmnion  structures,  it  is  obhgator>'  so  to  dispose^  the  count erwfMghting 
that  the  center  of  gravit}' of  the  entire  moving  mass  shall  lie  upon  the  axis 
of  rotation;  and  tliis  generally  necessitates  tlu;  location  of  a  consitlerable 
portion  of  the  counterweight  above  the  deck,  to  the  detriment  of  the 
apiM^arance  of  the  bridge.  Under  such  conditions  it  is  necessiiiy  to  provide 
a  heel-l)alancetl,  trunnion  structure,  in  wliich  the  coincidence  of  the  center 
of  gravity  and  the  axis  of  rotation  are  not  obligatory,  and  by  wluch  the 
employment  of  either  pits  or  unsightly  towei-s  is  avoidwl. 

These  desiderata  can  be  accomplished  by  a  partial  balance  of  span- 
weight,  completing  the  said  l)alance  l)y  means  of  a  counterweight  sup- 
ported on  a  beam  pivotally  connected  at  one  end  to  the  heel,  and  sup- 
ported at  its  other  end  by  a  roller  or  truck  which  passes  forward  and  back- 
ward  on  a  track  when  the  span  opens  or  closes,  according  to  a  series  of 
pftteiitB  lately  taken  out  by  Mr.  ThomaB  Wa  Brown,  Jr. 

Either  of  the  two  primary  types  of  bascule  may  be  divided  into  three 
general  daaaeB,  vis.,  trunnion,  rolling-lift,  and  r(dler43earing.  AH  of 
these  are  good,  but  none  is  best  for  aO  eonditioDa,  nor  can  it  be  said  abeo- 
hitdy  that  one  is  always  more  economical  than  another.  Each  has  its 
good  points  and  each  its  bad  ones;  and  some  are  fitted  for  cme  location  and 
not  for  another. 

The  rolling-lift  is  sometimes  the  cheapest,  as  has  been  shown  often  by 
competrtive  bids  on  different  types  submitted  by  Contractors;  but  it  is 
not  good  practice  to  adopt  it  whm  the  pier  foundations  are  of  piling,  on 
aooount  of  the  shifting  of  the  center  of  gravity  of  the  load  on  the  piles  as 
the  span  rolls  backward  and  forward,  and  because  of  the  possibility  of  iner 
settlement.  The  extension  and  compression  of  the  outer  pfles,  caused  by 
such  shifting,  has  a  tendency  to  crack  the  superimposed  masonry.  The 
great  advantage  of  this  type  is  its  retreating  bodily  out  of  the  way  of 
passing  vessels. 
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The  Trunnion  type  is  comparatively  simple,  but  has  not  the  advantage 
of  the  retreating  span  possessed  b}'  the  roUing  lift,  and  hence  often  neoee- 
eif  ito??  a  rather  long  leaf  for  a  fixed  cleiir  opening. 

By  the  adoption  of  the  Waddell  and  Harrington  detail  for  bearings, 
the  ambiguity  of  stress  distribution  and  the  secondary  etroopefl,  involved 
through  the  bending  of  the  ordinan.^  trimniQihaade  or  trunnion-girder, 
are  entirely  avoided,  thus  rendering  the  design  of  stnietiire  decidedly 
more  scientific  and  cutting  out  some  abnormally  high  intensities  of  woddng 
stresses. 

The  roller-l)e!iring  type  has  not  been  much  used.  When  properly 
desiirnod,  it  is  neat,  scicntiiic,  and  in  eveiy  essential  way  excellent,  but  ia 

not  j)ie-iMuinently  eeonomie. 

There  is  considerable  rivalry  l)et\veen  the  patentees  of  the  various 
standard  types  of  liaseule.  Kaeh  one  seems  convinced  not  only  of  the 
superiority  of  his  own  tyj>e  l)Ut  also  of  its  {greater  economj'';  consequently 
it  is  not  an  easy  matter  to  draw  conclusions  on  bascule  economics  that  will 
satisfy  all  concerncil.  This  much,  however,  can  be  said — when  the  bas- 
cule is  entirely  a  deck  structure,  the  most  economic  type  will  depend 
greatly  upon  the  ^^ovenung  conditions;  but  when  the  counterweights, 
towers,  machineiy,  etc.,  are  above  the  deck,  the  Strauss  and  the  Brown 
types  appear  to  have  nu  advantaj^e  over  all  the  others,  ITntil  a  short  time 
ago  the  Strauss  lic<'l-tnnuiion  tyj)c  held  the  record  for  economy,  but  the 
lately-developed  Brown  Balance-Beam  iypa  aj)pears  to  be  slightly  more 
economical  than  any  other  bascule  in  the  overhead-counter-weight  class. 
At  present  there  is  no  example  of  this  new  bascule  in  existence,  and  the 
only  one  yet  designed  in  <letaii  is  that  for  a  proposed  crossing  of  the  Mystic 
River  at  Mystic,  rorm.  This  was  designed  by  the  firm  of  Thos.  E.  Brown 
and  Son,  Consult inji;  Engineers.  Estimates  of  quantities  of  materials 
made  from  their  finishecl  drawings  indicate  that  the  Browns  have  suc- 
ceeded in  producing  the  most  economic  bascule  with  overhead  counter- 
weight yet  evolved. 

Economics  of  VERTicAL-LiFr  Spans 

The  governing  conditionB  whieh  prove  eoonomio  for  the  vertical  lift, 
In  comparison  with  the  other  types  of  movable  span,  are  aa  follows: 
Pinl.  how  vertical  dearanoe. 
Second,  Large  horizontal  clearance. 
Third.  Heavy  moving  span. 
Fcwih.  Existence  of  fairly-loog  flanking-cpaoff. 
Fifth,  Deep  foundations,  especially  when  the  flankmg-flpaiiB  are  long. 
Sixth,  Expensive  piers,  whoi  flanking-spana  are  long. 
Seventh,  Skewed  croaainga. 
Eighth,  Concrete  deck  desued. 
NirUh,  Other  firstHsbsB  deck,  especially  if  heavy. 
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Tenth.    Shifting  channel. 

Eleventh.    High  wind  praBSures  to  be  provided  for. 

Twelfth.    Wide  deck. 

Thirteenth.    Necessity  for  quick  operation. 

A  low  vertical  clearanre  is  evidently  favorable  to  the  vertical  lift.  The 
real  factor  in  this  case  is  the  requireii  vortical  movorTirnt  of  the  lift  span. 
A  great<?r  clearance  alH)ve  the  wat^r  wlicn  the  si):in  is  down  favors  the 
vertical  lift;  since,  for  any  required  clear  height  with  the  span  rai&ed,  the 
vertical  movement  is  reduced, 

A  large  horizontal  clearance  favors  the  vertical  lift  in  comparison  with 
the  bascule.  For  a  given  weiglit  of  moving  span,  the  towers,  counter- 
weiglit.s,  and  machineiy  cf  a  vertical-lift  bridge  nrc  independent  of  the 
Span-length,  while  those  items  for  a  ba.-('ule  vary  nearly  liirectly  therewith. 

As  will  l)e  explained  fully  later  on  in  this  chapter,  the  ratio  of  vertical 
and  horizontal  clt  aiances  for  equal  costs  of  bascules  and  vertical  lifts  is 
generally  alx)ut  unity,  iM'ing  somewhat  less  for  short  and  light  spans,  and 
materially  greater  for  long  and  heavy  ones. 

Increased  weight  of  span  is  favorable  to  the  vertical  lift.  This  is 
chiefly  due  to  the  weight  of  tlie  rear  legs  and  bracing  of  the  towers,  which, 
for  a  given  height  thereof,  are  Dearly  as  heavy  for  light  q>aD8  as  for  heavy 
ones.  For  a  ver>'  light  spaa  and  high  vertical  cleaiance,  the  weight  of  the 
towm  may  aearly  equal  that  of  the  span;  whereas,  for  a  heavy  spaa  and 
the  same  Tortical  clearance,  it  may  be  only  one»tiiird  of  the  aaid  weight. 
There  is  no  Biieh  variation  in  the  case  of  the  baseule,  amoe  the  wei^t  of  the 
bracing  is  a  smaller  propcaiion  of  the  total  weiglit  of  the  towen  and  ooim- 
terweii^t  trusses. 

A  layout  in  which  the  economic  length  of  the  flanking-epaas  is  mooh 
greater  than  the  proper  length  of  a  bascule  toweMpan  favors  the  vertical 
lift.  In  such  a  case  the  rear  legs  of  the  verlical-tif t  towers  rest  on  the 
flaaking-spaas  without  produdag  any  material  stresaes  therein.  But  in 
bascules  with  overhead  counterwdghts  tt  will  be  necessaiy  to  put  in  aa 
additional  pier,  or  to  cany  the  weic^t  of  the  oounterweigfat  on  one  of  the 
flanking-flpans,  or  to  put  the  counterweight  trunnion  over  the  pier  and 
cantilever  the  flanking-span  out  to  support  the  trunnions  of  the  moving 
spaa.  The  first  method  is  most  economic  where  the  substructure  is 
cheap,  and  the  third  generally  where  the  substructure  ia  expensive.  The 
third  scheme  requires  ample  fenders  to  protect  the  cantilcvered  portions 
ton  passing  ve^els.  In  deep  water  these  fenders  may  be  impracticable 
or  veiy  costly,  thus  making  the  second  arrangement  the  best. 

Over  a  canal,  or  a  small  canalised  river,  the  layout  often  calls  for  a 
movable  span  and  two  short  approach  spans.  In  such  a  case  four  piers 
will  be  required  for  either  the  bascule  or  the  vertical  lift.  This  case  is 
nearly  always  less  favorable  to  the  vertical  lift  than  the  layout  where  long 
flanking-spans  are  called  for. 

Deep  foundations  and  expensive  piers  are  favorable  to  the  vertical  lif t» 
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as  oompared  with  tbe  baaeule,  when  long  flanking'flpaiiB  ai^  employed; 
but  for  oroflBUigB  over  canals  or  canalised  riven  the  cost  of  the  subetnicture 
luuaUy  has  littie  effect  on  the  eomparison.  A  crossing  where  the  piers 
rest  on  piies  or  sand  is  espedally  favorable  to  the  vertical  lift,  since  the 
total  loads  for  that  type  are  less  than  thoee  for  the  bascule.  Rolling-lift 
bascules  are  not  well  adapted  to  such  foundations.  Deep  foundations  are 
UBuaUy  unfavorable  to  the  swing,  on  account  of  the  large  base  ol  the  pivot 
pier. 

Advantage  can  be  taken  of  a  badiyHBkewed  crossing  by  the  vertical 
lift;  for  both  the  ^pan  and  the  towers  may  be  skewed  with  veiy  little 
extra  expense,  while  at  least  one  end  of  the  bascule  will  have  to  be  squared, 
thus  lengthening  the  ppan  and  increasing  the  cost.  It  is  true  that  a  simr 
liar  advantage  can  be  taken  with  the  swing  by  making  both  ends  skewed, 
but  that  would  prevent  the  reversing  ol  ends.  However,  there  is  not 
(tfteo  any  real  necessity  for  such  reversal. 

A  channel  that  has  a  tendency  to  shift  will  pivo  the  vertical  lift  a  groat 
advantage  over  either  of  the  conipoting  typt^s,  because  it  is  the  only  one 
of  the  three  which  permitd  a  change  in  the  location  of  the  opening  span 
without  necessitating  excessive  expense. 

A  requirement  for  high  wind  pressure  militates  greatly  against  the  bas- 
cule, IxH'auso  it  involves  an  augmenting  (^f  the  power  and,  consecjuently, 
alsc)  the  cost  of  the  operating  machinery;  but  it  a£fects  hardly  at  all  the 
cost  of  either  the  vertical  lift  or  the  swing. 

In  a  modern,  first-class  structure,  where  a  concret<'  deck  should  he  used 
to  eliminate  fire  risk,  the  vertical  lift  and  the  swing  can  be  employed; 
but  the  bascule  cannot,  if  there  is  to  be  paving  on  the  concrete.  While  a 
concrete  deck  without  other  paving  could  Ik?  use<l  on  a  bascule,  the  span 
would  be  so  heavy  that  a  vertical-lift  bridge  would  always  be  the  cheaper, 
excei)t  for  a  very  high  lift  with  a  short  span. 

The  use  of  a  block  pavement  or  other  heavy  tj^x*  of  deck  favors  a 
vertical  Uft  as  compared  with  the  bascule,  since,  for  the  latter,  extra  exf^ensc 
is  required  properly  to  fasten  the  blocks  so  that  they  shall  not  fall  off. 
Furthermore,  the  greater  weight  of  the  deck  favors  the  vertical  lift. 

The  widening  of  the  dock  lengthens  the  moving  span  in  any  swing, 
and  increases  the  siae  of  the  pivot  pier  and  the  cost  of  the  pier  protection. 
In  a  skewed  crossing  it  augments  the  length  of  a  bascule.  Since  a  wider 
deck  involves  a  heavier  structure,  this  factor  also  favors  the  vertical  lift. 

In  respect  to  quickness  of  operation,  this  condition  does  not  affect 
materially  the  comparative  economics  of  vertical  lifts  and  single-leaf  bas- 
cuka;  but  both  the  double-leaf  bascule  and  the  swing  are  at  a  disad- 
vantage, since  they  take  fully  twice  as  long  to  operate  as  do  the  other  types. 

The  question  of  flanking  spans  is  of  such  importance  that  the  author 
has  found  it  neoessaty  in  his  practice  and  in  his  economic  studies  to  divide 
the  vertical-lift  bridge  into  two  distinct  types— one  where  there  are  fixed 
spans  flanking  the  movable  span,  and  the  other  where  there  are  not 
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With  regard  to  the  towers,  the  vertical  hf is  may  be  divided  into  three 

classcij,  viz., 

A.  Structures  wiili  towors  having  iiicliruHl  n'ur  lej^. 

B.  Stmcturcs  with  towers  havinp;  veiiieal  rear  le^s. 

C.  StruetUH'S  lia\ mj^  towci-s.  (lacli  coinpoHcd  of  a  single  bent,  and  gen- 
erally, but  not  ncccasarily,  connected  at  their  tops  by  a  span  or  strut  cross- 
ing the  opc^ning. 

In  respect  to  the  economics  of  these  throe  classes,  it  may  be  stated  t  hat, 
for  a  combination  of  a  short  span  and  a  moderate  vertical  clearance,  Class  C 
is  the  most  eeoooimc;  but  it  is  not  compatible  with  rigid  constmction  for 
high  cteaincee— fllao  that  ClaflB  A  ib  thnys  moie  economie  than  Oaas  B, 
beeatne  the  latter  involveB  the  doubUng  of  the  tramber  ol  aheaves  and  a 
eooflidenble  inoreaae  in  the  weight  of  the  towers,  as  well  as  a  small  extra 
amount  of  wire  rope.  It  Is  found  advantageous,  however,  in  the  case  of 
veiy-badfy'<Bkewed  structures,  because  it  throws  the  laige  and  dumsy 
eounterwdghts  entirely  outside  of  the  towers  and  pennits  of  a  thorough 
qrstom  of  intenial  sway  brseing  for  the  latter. 

Economics  in  DarAiiiiNG  or  YmmcAL  Lifts 

There  are  a  few  economic  problems  that  arise  in  the  detailing  of  ver- 
tioal-lift  bridges,  the  principal  of  which  are  the  kinds  of  materials  for 
counterweights,  the  use  or  n<MMise  of  counterbalancing  chains,  the  employ- 
ment or  omission  of  bufifers  and  the  t)est  type  of  same,  the  eliamcter  of 
pavement  base,  the  location  of  the  maohineiy  house,  and  the  determina- 
tion of  t  he  numl^er  and  the  size  of  the  supporting  ropes  wtnch  will  make 
the  combined  cost  of  ropes  and  sheaves  a  tninimimi. 

In  respect  to  t  he  cheajx^st  material  for  counterweights,  in  most  cases  it  is 
ordinarj'  conen'te;  hut  sometimes,  wheii  the  space  is  limited,  it  pays  to 
make  the  mass  heavier  l)v  incorporating  in  it  materials  of  gn^ater  (iensity 
than  tlial  of  ordinary  stone,  sudi  as  iron  ore  or  pig  iron.  The  latter  was 
employcMl  entirely  for  the  counterweights  of  the  Ilalstcd-St reel  Lift- 
Bridge,  the  first  structure  of  the  type  on  a  large  scale  ever  Iniilt ;  but 
its  utilization  »vas  not  econoiuic,  consequently  in  subsequent  structures 
its  employment  was  abandoned. 

As  to  whetiier  it  is  advisai)le  to  u.>^e  chains  for  the  purpose  of  keej)ing 
the  main  cabK's  always  counierhalanced,  that  is  an  econonuc  i)roblein 
which  is  dependent  ujxin  the  kind  of  power  us(mI,  how  often  the  liridge 
is  to  he  ofXTated,  and  the  extent  of  tiie  span  movement.  Tlu>v  shoukl 
not  be  employed  for  low  lifts,  as  in  thes*'  the  un)):»!anced  rope-load  is  just 
about  right  to  hold  down  tiie  s|)an  proiwrly.  The  author  favoi-s  the 
adoption  of  such  chains  for  most  ca,s(\s  where  the  vertical  movement  is 
large,  so  as  to  make  the  peak  load  of  power  a  minimum  and  thus  keep 
down  the  co.st  of  both  installation  and  opeialion;  l)Ut  he  recognizes  that, 
when  the  price  of  power  is  low  and  the  britlge  is  not  to  be  openetl  often,  it 
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it  would  be  economical  to  omit  the  said  chains.   These  can  be  made  of  . 
eaBt4iO]i  links  bored  for  small  pins,  so  as  to  keep  their  pound  price  as  low 
as  possible. 

It  may  be  all  riglit  to  omit  the  buffers  entvely  and  trust  to  the  auto- 
matic l»akes  to  stop  the  span,  but  the  author  prefers  to  adopt  the  addi- 
tiomd  precaution  of  using  the  buffers  as  a  safeguard,  in  case  that  anything 
should  go  wrong  with  the  operation  of  the  brakes.  He  has  tried  two  kinds 
of  buffers,  vis.,  oil  and  air,  and  prefers  the  latter  on  account  of  greater 
reliability  and  cleanliness. 

In  respect  to  the  character  of  base  for  pavement,  it  will  generally  be 
economical  to  use  the  lightest  practicable,  consistent  with  proper  require- 
ments for  strength  and  stiffness.  The  modem,  stiffened-budde-plate  floor 
with  a  thin  layer  of  concrete  thereon  supporting  three^inch  wooden  blocks, 
described  in  Chapter  XXI,  will  save  the  lifting  of  considerable  weight; 
and  the  consequent  reduction  in  cost  of  ropes,  sheaves,  counterweii^ts,  and 
capitalised  power  wiU  genera%  niore  than  offset  the  extra  cost  of  the  li^^ter 
base. 

Fkom  motives  of  economy  alone,  it  is  better  to  place  the  machineiy 
house  in  one  of  the  towers  instead  of  on  the  span;  because  it  takes  extra 
truss-metal  to  cany  it  in  the  latter  pbce,  and  this  extra  metal  and  the 
weight  of  the  house  with  its  machineiy  augment  the  cost  ci  ropes,  sheaves, 
counterweights,  and  power.  But  generally  the  operator  obtains  a  much 
better  view  of  passing  vessels  from  the  middle  of  the  span  than  he  could 
from  the  tower  or  anywhere  else,  consequently  it  will  then  be  better  to  put 
the  house  on  Uie.  span  in  spit^  of  the  extra  expense  involved  by  so  doing. 

Finally,  in  respect  to  the  determination  of  number  and  sises  of  sup- 
porting cables,  it  may  be  stated  that  the  gjoator  the  number  of  cables 
.the  smaller  their  diameter  and  the  smaller  the  legitimate  diameter  of  the 
sheaves;  but  the  greater  the  number  of  ropes  the  wider  the  said  sheaves. 
Again,  multiplicity  of  ropes  means  a  multiplicity  of  expensive  details 
for  their  connection;  hence  tho  determination  of  main-rope  diameter  is  a 
question  that  generally  h:is  to  be  solved  by  good  engineering  judgment 
based  upon  experience  rather  than  by  economics  pure  and  simple.  The 
author's  usual  practice  is  to  iirlopt  four  ropes  per  corner  for  loads  to 
250,000  lbs.,  eight  from  250,000  to  1,250,000  lbs.,  and  sixteen  for  greater 
loads. 

There  is  a  combination  of  vertical  lift  and  cantilevers  that  has  lately 
proved  to  be  econouiic.  The  author  evolved  it  many  years  ago,  but  did 
not  publish  anythi!i<r  concerning  it,  preferring  to  iiwait  the  psychological 
moment  for  utilizing  it.  The  opportunity  did  not  |)res(^nt  itself  until 
19 IS.  when,  as  a  member  of  the  Board  of  Advisory  luitjinecrs  to  the 
Pul)lic  Belt  Railroad  Commission  of  New  Orleans,  he  prepatcd  a  low-lcvcl- 
bridge  layout  with  a  vert  icai-lift  span  for  a  proposed  crossing  of  the  Miss- 
issippi T?iver  near  that  city.  He  had  a(i()i)ted  for  the  movable  span  a 
clear  opeuiug  of  three  hundred  feet;  and,  when  tiying  to  obtain  an  informal 
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Aniqri  lie  was  tM  that,  in  view  of  the  poaabS^  at  the  BiWnipiii  being  I 
navigated  in  the  futoie  by  huge  flotillas  of  barges,  the  suggested  opening 
would  be  too  smalL  Thereupon  he  made  another  layout  having  the  same 
length  of  vertical-lift  span  but  ft  clear  width  between  piers  of  five  hundred 
feet,  supporting  the  towers  on  the  eantilevered  ends  of  the  two  flanking- 
spans.  This  arrangement  would  permit  of  the  flotilla  steamer  passing 
through  the  opening  beneath  the  raised  lift-qian  and  of  the  barges  ^pping 
under  the  cantilever  arms,  in  case  that  the  current  should  swing  the  flotilla 
broadside  to  the  structure,  the  said  cantilever  arms  having  sufficient  vef^ 
tical  clearance  above  extreme  high  water  to  permit  such  passage  under 
any  river  condition.  When  the  author  submitted  this  new  layout  to  the 
local  U.  S.  Engineer  officer  in  charge  at  New  Orleans,  the  roquost  was 
made  for  an  eo(»lomic  investigation  of  the  structure  with  not  only  the  sug- 
gested clear  nponings  of  300  and  500  feet,  but  also  with  those  d  600  and 
UK)  feet,  adopting  a  hft  span  of  350  feet  for  the  600-ft.  opening  and  a 
4()(^-ft.  oiH'  for  the  700-ft.  opening.  The  result  of  the  investigation  showed 
that  tlie  r>00-ft.  oix^ning  was  more  economic  than  the  300-ft.  one.  that  the 
latter  made  the  total  eost  of  structure  about  the  stime  as  did  the  GOO-ft. 
opening,  but  that  the  TUO-ft.  opening  was  so  decidedly  uneconomic  as 
practically  to  l)e  prohibitive. 

Early  in  1920  the  author's  Indian  agents  in  Calcutta  wrote  a^sking  him 
whether  he  could  evolve  a  design  for  crossing  the  Ho<igly  River  at  their  city 
by  a  single  span  in  a  manner  that  would  comply  satisfactorily  with  certain 
unusual  and  extremely  drastic  physical  conditions,  These  conditions 
wore  met  by  the  utilization  of  the  above-mentioned  scheme  of  a  vertical 
lift  and  cantilever  arms,  combined  witli  pier  foundations  of  built-up  piles 
of  exce(>dingly  great  length  sunk  by  jetting.  This  ty]>e  of  piling  wius  orig- 
inated by  the  autlior  so  many  years  ago  that  he  had  actually  forgotten 
about  the  matter  and  had  to  resurrect  the  drawings  from  an  ancient  office- 
file.  The  layout  suggested  is  shown  in  Fig.  30a.  As  can  be  seen  by 
inspection,  it  contains  still  another  economic  innovation,  viz.,  the  support- 
ing of  the  counterweights,  which  balance  the  w(  iglit  of  the  moving  span, 
from  the  tops  of  the  colunuis  over  the  main  piei-s,  thus  relieving  both  the 
cantilever  arms  and  the  anclior  arms  from  stresses  ilue  to  the  .said  counter- 
weights. Tiiere  were  some  other  economic  innovations  involved  in  the 
stutly  and  estimate  that  are  not  shown  on  the  layout;  but  it  is  not  neces- 
sary to  discuss  them  here. 

An  alternative  design  was  submittal  at  the  same  time  to  the  agents 
mentioned  by  substituting  a  double-leaf  bascule  for  the  vertical-lift  span, 
with  the  statement,  however,  that  the  first-described  layout  is  in  eveiy 
way  preferable,  excepting  only  for  the  fact  that  the  bascule  design  gives  an 
unlimited  vertical  clearance.  The  Brown  wire-rope  type  of  basoids  was 
used;  and  the  counterweights  were  placed  over  the  main  piers,  as  m  the 
vertical-lift  design. 
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TTnfartiiiiately,  the  " Powers"  at  Cakuttp.  have  Dot  yet  seen  fit  to  give 
theae  layouts  consideration;  and  it  seems  piobable  that  the  time  and 
gny  matter  expended  by  tlw  author  in  evolving  this  solution  of  a  knotty 
and  interesting  problem  will  be  wasted— at  least  from  a  pecuniary  point  of 
view^henoe,  in  order  that  such  waste  may  not  be  total  and  pennanent, 
he  is  now  presenting  to  the  engineering  profession  the  results  of  this 
economic  8tu4y« 

COMPAKATivK  Costs  of  Vabious  Trm  of  Movable  Spans 

Hie  collection  of  the  neoessaiy  data  concerning  the  quantities  of  mate- 
rials in  movable  spans  has  been  no  easy  task,  because  the  designers  and 
buflders  of  such  structures  seldom  publish  the  total  weights  of  metal 
involved,  nor,  what  is  equally  important,  the  division  of  the  said  weights 
into  various  logical  groups,  such  as  moving  span,  towers,  counterweight 
trusses,  etc.  Furthermore,  such  leoordB  as  can  be  collected  need  to  be 
carefully  plotted  and  compared  on  some  logical  basis,  since  different 
bridges  are  derigned  for  various  specifications  and  often  under  HwaimiUy 
conditions. 

The  analyses  of  all  these  weights  have  been  prepared  for  this  economic 
investigation  by  the  author's  assistant  engineer,  Mr.  Shortridge  Hardesty. 
Comparisons  have  been  made  with  great  thoroughness  between  vertical- 
lift  bridges  and  both  tiu>  heelrtrunnion  and  the  Brown  balance-beam, 
single-leaf  bascules;  firsUy,  because  it  was  possible  to  secure  the  fullest 
data  concerning  these  types;  secondly,  because,  for  many  layouts,  the 
logical  choice  would  be  one  of  them ;  and,  thirdly,  because  it  is  a  compara- 
tively simple  matter  to  contrast  them  fairly  and  definitely.  Swing  spans 
and  deck  bascules  with  underneath  countorweiKhts  have  also  been  investi- 
gated, but  quf^stions  of  types  of  piers,  distance  from  gra<le  to  water  lino, 
ffisthetic  considerations,  and  otiier  factors  affect  the  comparisons  so  laijicly 
as  to  make  the  results  consider aldy  inHuenced  l)y  the  personal  ecjuation  of 
the  designer  and  by  the  conditions  of  each  individual  case.  Kaihvay 
bridges  have  been  used  as  a  l)a.sis  for  the  most  l)art,  because  the  best  records 
availal)Ie  deal  with  thatdassof  structurq,  and  because  there  is  less  variation 
in  them  than  in  highway  bridges. 

For  the  vertical-lift  bridge  tlie  author  ha<l  at  hand  the  records  of  some 
thirty  cases  designed  in  his  office,  supplemented!  by  complete  eurv'es 
of  weights  of  towers  for  different  heights  thereof  and  for  various  weights 
of  moving  spans.  The  weights  of  the  different  niacliincry  groups,  such  as 
ropes,  sheaves,  e(|ualizers,  ofx?rating  maciiinen,',  etc.,  were  plotted  in  terms 
of  the  weight  of  the  moving  span  and  the  htught  of  lift.  Curves  of  average 
weights  were  then  drawn  for  each  group.  The  sjune  was  done  for  each  of 
the  items  of  structural  metal.  These  various  curves,  after  being  fir.^t 
drawn  in  terms  of  the  weight  of  the  moving  span,  were  replotted  in  terms  of 
the  weight  of  a  fixed  span  of  tlic  same  length  and  carrying  cayaciiy. 
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verticai-lif  t  span  with  the  machineiy  and  motois  in  a  house  at  the  center  ol 

the  span  weighs  over  ten  per  cent  more  than  the  eomsponding  fixed  span. 

For  the  raihvaj^  heel-trunnion  bascule  there  were  available  complete 
detailed  wei^lit-records  of  seven  bridges,  complete  detailed  estimates  for 
several  more  pre|)nro(l  by  their  designers,  and  summarizeti  estimates  for 
about  a  dozen  others.  Most  of  them  were  for  doublc-track-raihvay 
bridges.  The  {)erccnta^es  of  the  weifihts  of  the  towers  (less  the  tower  fl<K)r- 
systems),  the  countenveisht  trusses  and  girders,  the  links,  the  oju'rating 
struts,  etc.,  in  terms  of  the  weights  of  the  movintr  sj)aii  were  then  figured, 
the  machineiy  girders  being  included  with  these  items  regardless  of  whether 
tlie  motors  were  on  tlie  Hpun  or  in  the  tower.  Tlie  percentage-  were  then 
comj)ut(Ml  in  terms  of  the  w(Mght  of  the  corrcspontUng  fixed  span,  the 
ba.scule  leaf  being  a  few  per  cent  heavier  than  the  said  span.  Thes<'  latter 
percentages  were  then  plotted  with  tli'>  lengtlis  of  moving  spans  as  abscis.^ip. 
The.se  plots  provided  a  sufficient  number  of  point for  the  drawing  of  fair 
average  curves  for  (loul)le-track  bridges.  '11  le  weights  of  trunnions,  pins, 
and  machinery,  in  i)ercentages  of  the  weigiits  of  the  corre.sjx>nding  fixed 
spans,  were  then  plotted,  and  an  average  curv^e  was  drawn. 

Fig.  306  gives  the  residting  curves  for  l>oth  bascules  and  vertical  lifts. 
The  full  linos  for  the  tower  and  counterweight  steel  of  the  vertical  lift  apply 
when  there  are  flanking  truss  spans,  antl  the  dotted  lines  when  there  are 
no  flanking  truss  spans.  The  crossofl  on  the  bascule  plots  indicate  bridges 
for  which  there  were  complete  weight-records,  and  the  drdee  refer  to 
structures  for  which  there  were  full,  detailed  estimates. 

These  plots  give  fair,  average  curves  for  the  quantities  in  both  the 
vertical  lift  and  the  bascule,  all  in  percentages  of  the  weight  of  a  simple 
span  of  the  same  length  and  carrying  capacity.  This  basis  of  comparison 
was  adopted  because  it  eliminates  the  effect  on  the  moving  span  of  different 
live  loads,  different  specifications,  and  different  weights  of  decks.  Also, 
the  percentages  derived  in  this' manner  can  be  applied  with  fair  accuracy  to 
highway  bridges.  These  curves  made  it  a  comparatively  simple  matter 
to  contrast  the  costs  of  the  superstructures  of  the  two  types. 

The  curves  of  Fig.  906  arc  drawn  for  well-d&signed  bridges,  and  do  not 
represent  the  lightest  structures  of  these  typos  that  it  is  possible  to  build. 
The  factors  of  safety  of  the  wire  ropes  of  the  vertical-lift  bridges  have  been 
taken  somewhat  larger  than  the  author,  from  his  own  experience,  con- 
siders neoessaiy,  in  order  to  meet  somewhat  the  desires  of  railway  bridge 
engineers. 

For  swing  spans  the  data  given  in  Chapter  LV  of  "Bridge  Engineering/' 
supplemented  by  other  data  in  the  author's  office,  proved  ample. 

There  were  also  available  tlie  complete  quantities  for  the  double-leaf 
trunnion-bascule  recently  designed  by  the  author's  firm  f<>i  the  highway 
bridge  over  the  Housatonic  River,  and  those  for  the  single-leaf,  Brown- 
balance-beam-bascule  higli  way-bridge  over  the  Mystic  River.  A  vertical- 
lift  bridge  was  estimated  for  each  location,  and  the  results  compared. 
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Wlien  contrasting  the  vertical  lifts  and  the  heel-trunnion  bascules,  it 
was  assumed  that,  for  low  vertical  clearances,  the  lengths  of  moving  spans 
would  l)e  the  same  in  the  two  types,  the  fenders  being  placed  as  close  to 
the  piers  as  possible.  Since  the  bascule  can  rarely  be  rotated  through 
more  than  83  or  84  degrees,  a  vertical  line  through  the  face  of  the  fender 


500D00  KOOOOO   /VOOOO  STOOOB 


30      too      IX      SX)      250       0       30       iOO      150  200 

Fig,  306.    Percentage  Weights  for  Double-Track-Railway,  Vertical-Lift  Bridges  and 

iSingle-Ix'af,  IIcel-Tninnion  Uasoules. 

near  the  trunnion  will  generally  intersect  the  bottom  chord  of  the  fully- 
ruis(»d  span  at  s(»me  height  al)Ove  the  water.  This  height  will  depenti  upon 
the  horizontal  distance  from  the  trunnion  to  the  said  vertical  line,  the 
height  of  the  tnnmion  al>ove  the  bottom  chord,  and  the  angle  vif  inchnation 
of  the  said  chord  to  the  vertical;  but  it  will  generally  be  about  50  or  60 
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feet.  For  dear  heights  much  exceeding  these,  the  baseule  leaf  will  have 
to  be  longer  than  the  vertical-lift  span,  unless  an  encroachment  on  the 
dearance  at  one  corner  be  pennitted,  which  is  not  usually  the  case.  For  a 
dear  height  of  150  feet,  this  esoess  length  will  generally  be  at  least  10  or 
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Vertical-Lift  Bridge 


IIcel-Trunnion  BaMttltt 


h  io.  30c.   Layouts  with  No  Flanking  Truss-Spans. 

1 


Heel-Tmnnioo  BmooIs 
I^a.  80il.  Layouts  with  Fladdng  Tra^Spaiia. 

12  feet,  and  oft^n  still  more.  This  limitation  does  not  apply  to  the  BlOwn 
balanoe-beam  type,  which  can  be  rotated  90°. 

In  making  the  comparisons,  it  was  neoessaiy  to  consider  two  casea— 
first,  when  there  are  long  flanking-spans,  and.  seoonrl.  when  there  are  not. 
Typical  Uyouts  are  shown  in  Figs.  30c  and  30d.  It  will  be  noted  that  in 
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eaieh  oompariflon  the  total  length  of  bridge  considered  is  the  same.  The 
subfltraeture  was  designed  for  several  cases — ^pieis  on  rock  at  various 
depths,  piers  on  deep-sand  foundations,  and  piers  on  piles  loaded  to  the 
linnit  of  30  tons  each.  Calculations  were  made  for  clea^^faannel  widths  of 
100  feet,  160  feet,  200  feet,  and  250  feet. 

For  the  layouts  shown  on  Fig.  30c,  in  which  there  is  the  same  number  of 
piors  in  the  two  cases,  it  was  found  that  ordinarily  the  substructure  costs 
nearly  the  same  for  the  two  'types.  In  some  instances  the  vertical-lift 
aabs^cture  was  cheaper,  while  in  others  that  of  the  bascule  was  a  trifle 
more  economic.  The  comparison  for  these  layouts,  consequently,  is  almost 
entirely  a  question  of  superstructure  costs.  For  the  layouts  diown  in  Fig. 
30rf,  the  bascule  substructure  is  always  the  more  expensive,  so  that  both 
substructure  and  superstructure  must  be  considered. 

Fig.  30e  gives  comparative  costs  for  double^rack-railway-bridges 
designed  for  Class  60  loading.   The  following  unit  prices  were  used: 

Structural  metal  in  spans   per  lb. 

Structural  metal  in  towers,  counterweight  trusses,  etc        10^  " 

Machiner>' of  all  kinds   40^  " 

Counterweights   $^^0  per  cu.  yd. 

Pier  shafts   $20 

Pier  bases   $40  to  $60 

The  lower  group  of  curves,  for  layouts  such  as  shown  in  Fig.  30c,  gives 
superstructure  costs  only;  while  the  iq;>per  group,  for  layouts  such  as  indi- 
cated in  Fig.  ZOd,  records  the  total  cost  of  superstructure  and  substructure, 
with  the  piers  resting  on  jnles.  The  comparison  for  the  latter  substructure 
condition  gives  average  results,  and  was  therefore  adopted.  For  other 
types  of  substructure  the  relative  costs  differ  but  slightly,  excepting  that 
the  bascule  is  considerably  more  costly  with  deep  or  expensive  foundations. 
The  full  lines  for  the  bascule  costs,  noted  "Clear  Height  50  ft.  or  less," 
apply  for  greater  hdghts  when  an  encroachment  on  the  comer  of  the 
clearance  diagram  is  permitted. 

Fig.  3Qf  gives,  for  various  dear-channel  widths,  the  vertical  clearances 
>  at  which  the  vertical-lift  bridge  will  just  equal  the  bascule  in  cost.  This 
is  shown  for  layouts  both  with  and  without  bng  flanking-spans.  The 
two  full  lines  apply  for  dear  heights  up  to  50  feet,  and  for  greater  heights 
when  an  encnnchment  on  the  comer  of  the  clearance  diagram  is  allow- 
able; while  the  two  dotted  lines  are  for  greater  heights  with  no  encroach* 
ment  permitted. 

In  working  up  the  curves  of  Figs.  30(2  and  30e,  it  was  assumed  that  the 
distance  from  center  to  center  of  piers  exceeds  the  clear  channd  by  from 
20  to  30  feet,  and  that  the  clearance  above  the  water  line  is  20  feet  when 
the  moving  span  is  down.  With  a  smaller  down-clearance  than  this, 
the  dear  heights  at  which  the  types  are  equal  will  be  reduced;  and  with  a 
greater  down-clearance  it  will  be  increased. 
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Thd  enrves  of  Figi..  dCte  and  dOf  aie  baaed  upon  the  tmamfAiaa  thftt» 
for  tbe  vertical  lift  span»  the  motore,  <^ratmg  machinery,  and  machinery 
hGuae  are  located  on  the  moving  qpan,  thus  increasing  the  weight  of  the 
aaid  span  by  10  per  cent  or  more.  While  this  is  the  ideal  location  for  this 
maohineEyy  especially  when  the  opcfator  is  on  the  span,  it  is  conaiderab^ 
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Fig.  aOs.  Oonipttratnn  Costs  of  Doul^lo-Tmck-RAilway,  Vertieal-Iift  Bridfn  and 

Singb-Leaf ,  HeeUTrunniaa  Baatnilea. 

cheaper  to  place  the  Fwiid  inatliiiiery  in  the  towers.  If  this  be  done,  the 
clear  heights  at  which  the  cost  of  the  vertical  Uft  will  just  ecjual  that  of 
the  bawule  will  Ix'  increased  10  feet  or  more;  hut  the  author  has  plotted 
the  curves  on  the  other  basis,  because  he  considers  the  additional  coat 
justified. 

• 
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The  curves  do  not  apply  to  skew  layouts.  If  in  these  the  piers  are  to 
be  square,  Fig.  30/  can  be  used  by  making  a  layout  and  finding  the  required 
distance  from  center  to  center  of  piers,  subtracting  therefrom  a  length 
varying  from  20  feet  for  a  100-foot  span  to  30  feet  for  a  200-foot  span,  and 
entering  the  diagram  with  the  result  as  the  "clear-channel"  width.  If 
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Fig.  30/.    Clear  Channels  and  Clear  Heights  for  Efjual  Costs  of  Double-Track-Railway, 
Vertical-Lift  Bridges  and  Single-I^f,  Heel-Trunnion  Bascules. 


skewing  piers  is  permissible,  both  can  be  skewed  for  the  vertical  lift,  but 
only  the  rest-pier  for  the  bascule.  This  condition  favors  the  vertical  hft 
materially. 

For  deep  and  expensive  piers,  a  bascule  layout,  such  as  is  shown  in 
Fig.  30d  is  not  economic,  that  indicated  in  Fig.  30^/  being  cheaper.  The 
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two  layouts  shown  In  the  latter  figwe  w«fe  neact  oompared.  It 
found  that,  Whereas,  for  the  layouts  of  Fig.  30ti,  the  baaeule  and  the  ver- 
tkal  lift  wne  Jot  equal  oost  for  a  dear  height  of  about  170  feet,  for  the 
layoutB  of  FSg.  90g  they  would  be  equal  for  a  elear  height  of  126  feet 
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rook  foundations,  and  for  one  of  180  feet  with  deep-sand  or  pile  founda- 
tions. 

In  order  to  illustrate  the  use  of  the  curves  of  Figs.  306,  80e,  and  3Qfy 
the  following  probtems  and  their  solutions  are  given: 


Example  No.  1 

What  arc  the  (luuntitios  of  superstructure  materials  in  a  bascule  and 
in  the  corn^pomling  vertical-lift  span  for  a  CUiss  60,  douhlc-t rack-railway 
bridge,  the  span-lengths  being  those  in  Fig.  30c,  the  clearances  above  high 
water  being  20  feet  with  span  down  and  150  feet  with  span  raised  to  full 
height,  and  the  bascule  span  being  permitted  to  encroach  in  one  corner  of 
the  waterway  clearance? 
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Distance  oenter  to  oeDter  iners   m  175  feet 

Difltanoe  oeater  to  oeater  of 

beariogB  of  movable  span....  'm  170feet 

Vertical  movement  of  lift  span.  150-20  [m  ISOfeet 

Weight  of  170-lt.  fixed  span. 

Deck  900X175  «  158,000  lbs* 
Metal 4,630X170  «  787,000  lbs. 

Total  945,0001b8.  . 

VertiGal-Lift  Bridge: 
Structural  metal. 

Lift  span   787,000+045,000X0.13  -    910,000  lbs. 

Tower  flooMfystems.         2X1,320X40  —    105,000  lbs. 

Total  span  metal   1,015,000  lbs. 

Towers  and  counterweight 
steel   945,000X0.80  -    700,000  lbs. 

Total   1,775,000  lbs. 

^     ,        ,  .  945,000X1.20  «^  , 

Counterweights    oom.  300  cu.  yds. 

ooUU  ^ 

Machineiy  and  ropes         945,000X0.20  190,000  lbs. 

Bascule:* 

Structural  metal: 

Bascule  span   787,000+945,000X0.04  -    825,000  lbs. 

Tower  floor-eiystem  and 
approach  span   2X1320X40  =    105,000  lbs. 

Total  span  metal   »    930,000  lbs. 

Towers,  counterweight 
trusses,  etc   945,000X1.04  -    980,000  lbs. 

Total   »  1,910,000  lbs. 

^     .      .  945,000X2.60  , 

Counterweiglits   — "oonri   "  ^^^^ 

Machinery  and  trunnions.  945,000X0.15  •    142,000  lbs. 

It  will  be  noted  from  the  foregoing  that  the  estimator  must  be  able  to 
figure  independently  the  weights  of  thr>  170-foot  fixed  span,  the  tow  er  floor- 
systems,  :uirl  the  approach  spans.  The  curves  of  Chapter  LV  of  "Bridge 
Elugineehng  "  can  be  used  for  this  purpose. 
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Example  No.  $ 

In  the  preceding  example,  what  would  be  the  comparative  costs  of  the 
two  superstructures,  using  the  unit  prices  for  materials  in  place  wfaidi 
were  employed  in  working  up  Fig.  30e. 


VertioalLift: 

Dedc   SlOliiLft  d  W  15,100 

Metal  in  spaoB   1,015,000  lbs.     @  8^  81,300 

Metal  in  towers,  etc   760,0001b8.     ®  loj^  76,000 

Counterweights   900 cu. yds.®  ISO  9,000 

Machinery  and  ropes   190/)001be.     &  40^  76,000 

Elec.  equip,  and  houaea  •  20,000 


Total   «967,aOO 

Baaoulei 

Deck.                                      510  lin.  ft  @  HO  5,100 

Metalinapana                       03O,00OIbe.      @    8^  7M0O 

Metal  in  towers,  etc.                 060,000  Ibe.      ®   lOi  96,000 

Counterweighta                           640  cu.  yds.  @  $30  19,900 

Machineiy  and  tninniona.            142,000  Iba.      @  40^  56^600 

Elec.  equip,  and  houses   20,000 

Total   9378,600 


Entering  the  lower  proup  of  curvee  of  Fip.  30^  with  a  ISO-foot-^slear 
height  for  the  vertical  lift,  wo  find  the  cost  to  be  S270,0(K);  while  entering 
it  with  a  150-foot  channel  and  a  dear  height  of  "50  feet  or  leas"  for  the 
bascule  (because  encroachment  on  one  comer  of  the  waterway  dfearanee 
is  permitted),  we  read  ?272,000  as  the  cost  of  the  bascule.  The  margin 
in  favor  of  the  vertical  lift  is,  therefore,  given  as  $2,000  by  Fig.  30e,  and  as 
$6,200  by  the  fii^res  derived  from  the  more  accurate  curves  of  Fig.  906^ 
which  is  a  aatisf actory  check. 


Example  No.  8 

What  are  the  conipanitive  costs  of  a  double-track-railway,  Cla^ss  60, 
bascule  and  the  corn'spoiidiiiiE;  vertical  lift  for  a  ISO-foot  clear-opening 
flanked  by  fixed  truss  spans,  tlie  clear  height  re(}uired  l)eing  135  feet  when 
the  span  is  raised  and  15  f(»et  when  the  s])an  is  down,  the  bascule  being 
permitted  to  encroach  on  one  corner  of  the  waterway  clearance. 

For  the  vertical-lift  span,  we  must  enter  the  upper  gjoup  of  curves  in 
Fig.  3(V  with  a  "clear  height "  of  135- 15  +  20=  140  feet:  for  that  diagram 
is  plotted  for  a  clear  height  of  20- feet  with  span  down.   For  a  180-foot 
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channel,  we  find  the  cost  to  be  $770,000.  For  the  bascule,  we  enter  with  a 
"dear  height"  Ql  "60  l«et  or  kss,'' aiid  fimi  the  oo8t  to  be  182^ 


What  would  be  the  comparative  costs  in  Example  No.  3,  if  the  bascule 
were  not  ponnittcd  to  encroach  on  one  corner  of  the  waterway  clearance? 

The  cost  for  the  vertical  Uft  iii  §770,000  as  before.  Entering  Fig.  30e  for 
the  bascule  with  a  "clear  height"  of  140  feet,  by  iuteipolatiiig  we  hud  the 
ooet  to  be  about  ;|&45,000. 


What  are  the  comparative  costs  of  a  dooble-tradc-xsilway,  Otm  00, 
bascule  and  the  eorreBpondmg  verttcal  lift  for  a  120^oot  dearopenlng 
wtthoitt  flanking-spans,  the  "dear  hdc^"  being  60  feet  with  span  raised, 
and  20  feet  with  span  down? 

From  the  lower  group  of  curves  in  Fig.  30e,  we  find  the  cost  of  the 
vertical  lift  to  be  $170,000,  and  that  of  the  bascule  1200,000. 


What  would  be  the  comparing  costs  for  Example  Na  5,  if  flanking  truss 
spans  were  used? 

Entering  the  upper  group  d  curves  of  Fig.  30e,  we  find  $460^000  for 
the  vertical  hft^  and  $497,000  for  the  bascule. 


In  a  double-track-railway  bridge,  with  flanking  tniss  spans,  ha\nng  a 
clearance  above  high  water,  with  span  down,  of  20  feet,  what  will  the 
vertical  clearances  for  a  vertical-lift  span  of  c^jual  cost  with  a  biuscule,  when 
the  clear  horizontal  opening  is  100  ft.,  110  ft.,  120  ft.,  or  130  ft.? 

From  Fig.  -iiJif  we  find  the  following: 


BxampUNo4 


Example  No,  6 


Example  No.  6 


Bxam,ple  No,  7 


Vertied  Cleanuioe 


Horizf)ntnl 
Clearaoce 


Bascule  Permitted 
to  EDaoMh  on 
Gonor  of  Cfeanume 


Bascule  not  Permitted 

to  BkMSOBch  on 
CSomer  of  QMiBnce 


100' 
110' 
120^ 

W 


100' 
115' 
12©' 
14Sr 


lie' 

143' 
ITC 
197* 
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Example  No,  8 

What  would  be  the  mittB  in  Example  No.  7  in  oaflethm 
ing  trun  &ptm't 

Ftauk  FSg.  dOf  we  have  the  following: 


HoriioBUil 

Vertical  Clcaranoe 

Bascule  Pttmitted 

to  Enfmarh  on 
Ck)rncr  of  Clcaranoe 

Bascule  not  Permitted 

to  Encroach  on 
Comer  of  Clearance 

lOK 

80' 

W 

110" 

W 

115' 

120' 

106' 

140' 

166' 

Comparisons  werr  mn<\o  for  swnng  bridges  gi\dng  two  loO-foot  channels 
and  two  200-foot  channels,  ;is  against  one  channel  of  150  and  one  of  200 
f(H*t  for  the  vertical  lift  and  the  l>;is(  tilo.  It  wa-s  found  that  the  swing  was  a 
trifle  more  exjieiLsive  than  the  luuscule  for  the  ir)0-foot  cliannel,  and  of 
about  the  siinie  cast  for  the  200-f(X)t  channel.  For  clear  heights  less  than 
160  feet,  the  vertical  hft  wa.s  ehea|x»r  than  the  swing.  There  was  some 
variation  with  the  depth  of  the  fouudationSi  the  swing  being  more  expensive 
for  deep  ones. 

The  Mystic  River,  BrowTi-Balance-Beam  bascule  is  a  through,  plate- 
girder,  highway  liridge  21.5'  3"  long,  consisting  of  a  hxed  span  of  68'  6",  a 
tower  span  of  23'  9",  a  bascule  span  of  88'  0",  and  a  fixed  span  of  35'  0". 
The  clear  channel  is  75'  0".  This  layout  was  coni]iaied  with  one  for  a 
vertical  lift,  consisting  of  one  92'  3"  fixed  sjmn,  one  88'  0"  hft  span,  and  one 
35'  0"  fixed  s\wn.  It  was  found  that  the  two  were  of  equal  cost  when  the 
required  vertical  movement  of  the  hft  span  was  61'.  corresponding  to  a 
clear  lieight  of  64',  sinco  there  is  only  a  three-foot  cK  a ranee  when  the  span 
is  down.  If  the  clearance  with  span  down  had  been  the  usual  one  of  15  or 
20  feet,  the  two  ty^s  would  have  been  equal  for  a  clear  height  of  75  or  80 
feet.  This  Brown  bascule  rotat(N  through  90°,  so  that  the  moving  sp^ 
never  needs  to  be  any  longer  than  that  of  th"  vertical  lift. 

The  Housatonic  River  Bridge  is  a  concrete-arch  stnicture,  with  a  simple- 
trunnion.  double-leaf-l)a.seule  span  giving  a  clear  waterway  of  125',  the 
distance  from  center  to  center  of  tnmnions  being  175'.  The  bascule  piers 
were  neces.sarily  quite  heavy  and  massive;  and  while  much  lighter  ones 
Would  have  sufficed  for  the  vertical  lift,  it  was  decided  to  make  a  compari- 
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Bcm  with  the  same  siied  shafts,  reducing  the  pile  faases  for  the  smaller  loads 
of  the  vertical  lift.  This  was  the  most  favorable  assumptioii  for  the  bai^ 
oule.  It  was  found  that  the  two  types  were  of  equal  cost  for  a  clear  height 
of  180  feet,  oorrespondiiig  in  this  case  to  a  vertical  moveDwnt  of  156  feet 
for  the  lift  span. 

It  has  kmg  been  the  author's  suimise  that  whos  the  deiw  hei^ 
required  does  not  exceed  the  elear  width  of  channel,  the  vertical  lift  would 
always  be  cheaper  than  the  bascule.  The  curves  of  Fig.  3Qf  show  this  to  be 
true  when  the  bascule  is  not  pennitted  to  encroach  on  one  comer  of  the 
clearance.  For  cases  where  such  encroachment  is  peraussible,  the  state- 
ment is  always  true  for  Inridges  with  flanking4BpanB>  and  practioa^y  so  for 
bridges  without  flanking-spans. 

It  would  be  very  valuable  to  extend  this  investigation  to  cover  short 
spans,  where  the  bascule  would  usually  be  of  the  trunnion  type  with  either 
the  underneath  or  the  overhead  counteiwei|^t,  or  of  the  rolling-lift  type; 
while  the  vertical  lift  would  have  two-leg  towers  with  ovor-hcad-bradng 
trusses.  However,  an  investigation  of  this  sort  would  require  more  data 
than  those  at  the  author's  disposaL  From  comparisons  made  in  the  past» 
it  is  evident  that,  for  mch  short  sjmns,  with  the  standard  low  dearances 
.  of  the  inland  waters  the  vertical  lift  will  almost  always  be  the  cheaper,  while 
with  the  high  deaiances  required  along  the  coast  one  of  the  bascule  types 
will  be  more  economio. 
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BOONOmCS  OF  OFKBA.TINQ  MAGHINBBT  AMD  VOWSB 

Tm  daila  fdr  this  chapter  were  fumiBhed  mainly  by  the  author'B  old 
friend  and  oooasioDal  aasociate  in  prof eeakmal  work,  ThomaB  EDia  Brofwn, 
Mem.  Am.  8oc  C.  E.;  hut  some  vahiaUe  suggestioiiB  as  to  items  to  be 
considered  were  given  by  Major  Leon  L.  Claike,who,  for  many  yean  hefoce 
the  Qreat  War  and  for  a  short  tone  after  his  return  from  Frsnoe,  where  he 
rendered  effective  and  distinguished  service  to  the  Allied  Cause,  was  the 
author's  principal  assistant  mechanical  engineer,  and  as  such  devoted  his 
entire  attention  to  the  designing  and  installation  of  machineiy  for  operat- 
ing movable  spans. 

As  long  ago  as  1892,  when  the  author  was  retained  by  the  City  of 
Duhith,  Minn.,  on  his  first  design  for  a  verticaMift  bridge,  he  leoogniaed 
the  necessity  for  some  expert  aid  in  solving  certain  important  mechanical 
proUems;  and,  consequently,  he  lodged  the  country  over,  in  order  to  find 
the  hii^iest  American  authcwtty  on  the  mechanics  of  lifting  great  weights. 
The  result  of  his  search  proved  that,  even  at  such  an  early  date,  Mr.  Brown 
was  universslly  acknowledged  to  be  the  best  authority  on  devatois  and 
their  machinery;  and,  therefore,  the  author  retained  him.  From  that 
incident  there  resulted  a  friendflhip  and  a  somewhat,  desultory  asHOciation 
whi'  h  have  proved  very  satisfactory  and  beneficial  to  both  parties  thereto. 

With  the  help  of  two  such  experts  as  Mr.  Brown  and  Major  Clarke 
the  author  ff^els  that  he  has  done  his  best  to  treat  one  of  the  most  difficult 
branches  of  engineering  economics. 

The  kind  of  power  and  tj-pe  of  machinerj"  suitable  for  the  operation  of 
movable  bridges  depend  greatly  upon  the  nature  of  the  design  of  the  struc- 
ture, the'available  space  for  apparatus,  and  the  local  conditions  of  fuel  or 
powor  supply,  and  are,  therefore,  contingent  upon  the  ruling  features  of 

the  particular  case;  hence  no  hard-and-fast  rules  of  economics  therefor 
can  be  fonnulatcd.  On  that  account  the  contents  of  this  chapter  will  be 
hniitcd  to  a  dissertation  rnnflftrning  ganArol  y^nHi^nn^  ftnd  tHg  offfif'^g  ^  ft 

few  pertinent  suggestions. 

The  selection  of  motive  power  is  largely  dependent  on  the  location  of  the 
bridge  with  relation  to  sources  of  power-supply.  When  located  in  or  near 
a  large  city  or  town,  electhc  current,  either  direct  or  alternating,  is  almost 
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ahrajB  available;  and,  when  purohanble  a(  'leaaonable  meteMate,  it  Is 
UBuaUy  the  moBt  eonvcpient  and  economic  type  of  energy  to  adopt.  For- 
merly, eleotricity  not  bong  availaUe,  steam  was  inyariaUy  need,  and  boilem 
were  installed  on  or  near  the  Inidge.  This  inyolTed  the  handling  of  coaly 
disposition  of  ashes,  and  eootiniioas  maintenanoe  of  steam  proosme;  and 
it  was  nsoaUy  found  that  the  fuel  expense  was  nearly  constant  and  almost 
entinlly  independent  of  the  number  of  movements  of  the  bridge.  The 
author  knows  of  bridges  where  steam  is  maintained  during  long  periods  at 
inactivity,  and  during  periods  of  practieally  closed  navigation,  thus  render- 
ing the  operation  excessively  uneooooinic.  It  is  evident  that  a  form  of 
power  which  may  be  paid  for  only  as  usefully  expended  is  of  true  eoonomie 
value.  In  some  large  cities  of  Europe  hydraulic  pressure  or  compressed 
air  is  purchasable  by  meter;  and  bridges  erected  within  reach  of  such 
pressure  systems  can  most  advantageously  be  operated  thereby,  as  these 
types  of  power  give  a  smooth  and  perfect  control  attainable  in  no  other  way* 
In  the  United  States,  iMiwever,  we  are  confined  practically  to  two  sources 
of  power  other  than  steam,  vis.,  electrio  ooirent  and  the  internal  combus- 
tion engine;  and  as  electricity  is  qntle  geosfally  avaikble,  it  is  most 
eommoi4y  used,  but  few  instances  existing  where  intemal  combustion 
engines  are  employed  alone  as  the  primaiy  motive  power,  though  quite 
often  as  auxiliaries  for  emergency  use. 

With  the  great  improvement  reached  in  the  design  and  construction 
of  the  high-sp)eed,  multi-cylinder  engine  of  the  present  day,  there  seems  to 
be  no  p;ood  reason  for  its  limited  eiiiployinent  in  tlic  operation  of  bridges. 
Ill  many  cases  the  cost  of  transmission  lines,  transformers,  antl  other  par- 
aphernalia n<Mcssarv  to  convey  electric  current  to  the  bridge  site,  would 
exceed  the  cost  of  such  engines,  while  the  fuel  for  them  is  obtainaV)le  at 
almost  any  cros»>road8,  consequently  true  economics  demands  their  more 
extensive  use. 

Efficiency,  as  commonly  understood,  i.e.,  ratio  of  power  output  to 
power  injivit,  rarely  needs  consideration  in  the  economics  of  movable 
bridges,  as  the  tune  of  motion  is  generally  not  much  over  a  minute,  or  at 
most  two  minutes,  in  one  direction, — siiy  on  an  average  tliree  minutes  per 
cycle;  and  comparatively  few  bridges  are  called  U|X)n  to  oi>en  more  than 
10  or  20  times  per  day  on  an  average  throughout  the  year.  Thus  the  total 
yearly  working  time  of  a  fairly-active  bridge  will  ordinarily  amount  to  less 
than  75  actual  days  of  motion,  the  power  consumed  ix  ing  mainly  that 
recjuired  fur  starting  and  stopping;  and,  therefore,  efficiency  as  above 
defined  is  of  but  little  importance.  True  economics  demands  the  selection 
of  power  and  maclnnery  from  the  standpoint  of  as  great  simplicity  and 
low  first  cost  as  is  consistent  witli  rol)ustnes8  and  durability,  and  especially 
with  |X)sitiveness  and  ease  of  control. 

In  the  earlier  days  of  electric  supply  (and  this  condition  may  ]>(»ssil)ly 
apply  in  a  few  localities  today)  it  wiis  customary  to  charge  a  flat  monthly 
or  yearly  rate  for  current,  bsnmd  on  the  peak  load  of  the  motors  used,  with- 
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out  regard  to  the  actual  amount  of  current  consumed;  and,  should  such  & 
case  arise,  other  fonns  of  power  should  be  carefully  considered. 

When  electricity  is  purchasable,  the  consumer  is  usually  confined 
to  the  kind  of  current  the  producing  company  will  supply,  and,  therefore, 
has  no  choice  between  alternating  and  direct  current;  but  whenever  such 
a  choice  exists,  direct  current  should  have  the  preference,  as  giving  much 
great<^r  latitude  in  motor  speeds,  and,  consequently,  tentiing  to  economy 
in  cost  of  gearing,  and,  more  important  still,  as  giving  a  much  more 
flexible  and  perfect  control,  especially  when  shunt-wound  fields  are 
us<h1,  providing  automatic  speed-control  under  positive  and  negative  ^ 
loadings. 

The  more  usual  sizes  of  movable  bridges,  requiring  motors  of  from  30  to 
100  H.P.,  when  located  adjacent  to  electric  plants  of  reasonable  size,  may, 
preferably,  be  ojx^ratcd  tiirectly  from  the  line,  if  the  curn>nL  be  of  low  ten- 
sion, or  through  transformers  when  it  is  of  iiigh  tension;  but  cases  may 
arise,  especiaUy  with  bridges  of  very  large  size,  where  the  power  station  or 
the  transmission  lines  cannot  stand  the  starting  current  or  peak  load 
required.  In  such  cases  some  form  of  accumulator  must  be  used  to  extend 
the  current  draught  over  a  longer  time,  80  that  the  xnotm  may  be  rdat^^ 
■mall  and  witiiui  the  oapactty  of  the  power  supply.  Efeetrie  wontmnlatora 
(storage  batteriflB)  may  be  used,  and  the  apparataa  may  be  entbrely  eleo- 
trioal;  but  auoh  oases,  in  the  author'acqnnionjolfo 
for  the  use  of  hydmiMc  power  for  the  direct  movement  of  the  bridge,  the 
primary  efeetrie  power  being  employed  to  produoe  and  store  hydraulki 
preasure  in  suttabfe  aocimmlatora.  This  system  may  be  employed  also  in 
oases  when  gasoKne  engines  are  desired  and  where  engines  tt  suflSdent 
nae  to  operate  the  bridge  direetty  would  be  incoi^vaiient  or  impraetieabfe; 
as  comparatively  small  engines  could  be  used  to  store  hydraulic  power  or 
compressed  air  in  suitable  accumulators. 

The  conveyance  of  power  from  the  driving  motor  or  engine  to  the 
bridgo  itself  is  usuaQy  accomplished  by  gearing,  the  direct  conneetKm  to 
the  bridge  being  fay  means  of  gear  teeth  in  the  form  of  strutted  radks  pivoted 
to  the  bridge,  or  by  means  of  curved  segments,  forming  a  gear  wheel  of 
large  radius  bolted  directly  to  the  Inidge  girders;  and,  in  the  case  of  ver- 
tical-lift bridges,  by  means  of  ropes  connected  to  the  towen  and  wound 
upon  drums  carried  on  the  moving  span. 

In  all  of  these  cases,  as  the  movemoit  of  the  span  is  slow  in  comparison 
with  the  speed  of  the  motor  or  engine,  long  trains  of  spur  gsaring  are  neoes- 
saiy;  and  the  motor  or  engine  should  be  of  as  dow  speed  as  praoticabto  in 
order  to  reduce  the  amount  of  gearing  to  a  minimum. 

Thus  a  bascule  bridge,  operating  through  about  90°  in  one  and  a  half 
minutes,  moves  at  a  speed  j4>pro3dmately  equivalent  to  i  of  a  revolution  per 
minute;  and  to  gear  this  to  a  motor  running  at,  say,  600  RJPJbiL  meaps  a  ! 
total  speed  reduction  of  3600:1.   For  that  reason,  the  primary  reduction 
directly  at  the  moving  span  should  be  as  great  as  practicabfe,  i.e.,  the  main 
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pinion  should  have  the  minimum  number  of  teeth  consistent  with  strength 
and  smooth  running,  and  the  rack  should  have  as  large  a  radius  as  the 
design  and  dimensions  of  the  bridge  will  parmit^  In  the  ease  of  vertical- 
Itft  bridges  operated  by  ropes  wound  on  drums,  a  eoosiderable  aeving  in 
amount  of  spur  gearing  can  be  made  by  nmning  the  operating  ropes  over 
pulleys,  forming  a  taolde,  whereby  a  ratio  of  2,  3,  4,  or  even  more  oould  be 
obtained  by  the  roping  alone. 

Muoh  spur  gearing  in  many  oaaes  oould  be  eBminatied  by  the  use  of 
worm  gearing,  whieh,  with  the  perfection  of  workmanship  now  attained,  is 
far  more  efficient  than  ooomionly  suppoaed;  and,  ingeneral,  it  may  be 
stated  that  the  efficiency  of  a  weO-designed  and  properly-eut  worm-gear 
will  be  hii^ier  than  that  of  its  equivalent  in  spur  gearing.  It  is  believed 
that  worm  gearing  could  be  introduced  advantageousty  in  many  oases,  in 
order  to  reduce  the  amount  of  gearing,  or,  on  the  other  hand,  to  inereese 
the  speed^ratio  and  enabte  smaller  and  higheiHqMed  moton  to  be  empk^^ 
Incidentally,  the  introduction  of  worm  geuing  would  eliminate  the  noise 
of  the  high-speed,  steel  spur-gearing  quite  commonly  employed. 

Ttie  modem  multi-cylinder  gasoline  engine  seems  ideal  for  the  operation 
of  movable  bridges,  as  it  probably  combines  the  greatest  power  and  econ- 
omy of  operation  with  the  least  first  cost,  weight,  and  space;  but  it  has  not 
been  used  extensively  on  bridges  on  account  oi  its  high  speed,  800  to  1200 
R.P.M.  or  more,  and  the  consequent  large  speed-reduction  necessitated^ 
also  on  account  of  the  requirement  for  friction  clutches  to  enable  the  engine 
to  be  thrown  into  and  out  of  gear,  because  such  eogines  must  be  started 
before  beginning  to  move  the  bridge,  and  must  be  run  continuously  during 
the  cycle  of  operations.  These  difficulties  can  be  overcome  by  the  use  of  a 
hydraulic  roducing-pear  attached  to  tho  engine  shaft  and  in  turn  driving  a 
worm  f2;('.ir.  By  such  an  arrangement  the  clutches  are  eliminated,  and  a 
speed  reduction  of  from  40  :  1  to  100  :  1  may  l)e  obtained  at  oncc  and  the 
remaining  reduction  be  nuidc  with  a  short  train  of  ;?eurs. 

The  author  believers  the  ideal  apparatus  would  1m^  two  high-speed  gaso- 
line engines,  each  with  hydraulic  transmission  gear  and  worm  gear,  the  two 
engines  together  of  sufficient  power  t^)  operate  the  bridge  at  the  maxinuim 
required  speed,  and  one  alone  (by  means  of  the  hydniulic  reducing  gear) 
capable  of  running  it  at  slower  speed.  A  third  engine,  smaller  than  the 
others,  should  be  use<l  to  compress  air  for  air  brakes,  to  work  end  locks  and 
rail  locks,  and  to  circulate  cooling  wftt<»r  for  the  transmission  gears.  The 
third  or  smaller  engine  could  be  arranged  to  he  thrown  into  gear  and  used  as 
an  emergency  engine,  in  the  event  of  complete  break-<iown  of  the  main 
engines,  so  as  to  operate  Iho  bridge  at  very  slow  speed;  and  it  could  also  be 
utilized  for  driving  a  small  dynamo  for  .signal  and  other  lighting.  Thus  all 
the  functions  of  the  bridge  could  l>e  f)erfonned  by  means  of  gas  engines,  and 
be  made  entirely  independent  of  outside  sources  of  power  supply.  The 
installation  and  care  of  transmission  lines  and  transformers  would  be 
entirely  avoided;  and,  obviously,  the  arrangement  proposed  would  be  of 
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the  greatest  value  in  situations  where  electrio  power  is  not  available,  or  not 
obtainable  on  reaaonable  terms* 

Moval)k'  l  )ri(l^os  may  be  considered  as  consisting  of  throe  main  elements, 
the  first  conij^risinu:  the  actual  bridjje  or  carrying;  structure,  fixed  in  posi- 
tion duritig  normal  traffic,  and  which  must  be  removed  to  permit  of  trans- 
verse traffic ;  the  second  comprising  means  to  suppprt  the  carrj-ing  structure 
together  with  the  counterweights  required  to  balance  it;  and  the  third 
comprising  means  to  operate  or  impart  motion  to  the  carrying  structure, 
its  counterweights,  and  such  parts  of  tlie  su{)p<)rting  structure  as  must 
move  therewith — the  whole  constituting  a  complete  machine. 

Of  this  machine  it  is  convenient  to  classify  those  parts  which  require  to 
be  made  in  the  machine  shop  as  "machinery,"  in  contradistinction  to  those 
fabricated  in  the  bridge  shop  and  classifie<I  as  '^structural'*;  and,  as  machine- 
shop  work  is  much  more  costly  than  structural  work,  economics  requires 
that  the  design  should  aim  at  a  preponderance  of  jiarts  which  may  l>e 
finisheil  in  the  fabricating  shop  and  at  jis  complete  a  separation  in  manu- 
facture between  the  machinerj'  and  structural  parts  as  |>ossible,  and  also 
that  it  should  pennit  of  simple  and  easily-adjustable  connections  in  the 
field.  The  vertical-lift  bridge  meets  this  requirement  much  better  than 
does  either  the  swing  or  the  bascule. 

The  carrying  stnietoe  will  oonsist  esseiidally  of  struotural  steelworic 
and  its  adjunets,  sach  as  flooring,  tracks,  and  the  like,  and  will  eomprise 
no macbiiMry;  the  supporting  straetiue  will  generally  consist  esspintiaHy 
of  structural  stoehrork  carrying  such  supporting-machinery  parts  as  trun- 
nions, roUers,  hangers,  sheaves,  and  the  like;  while  the  operating  maohinety 
win  consist  of  actuatuig-orH«tarding<machinery  parts,  such  as  gears^ 
screws,  rams,  brakes,  buffers,  and  similar  component  elements. 

The  supporting  machineiy  parts  are  dependent  for  siw  and  strength 
purely  on  the  weights  carried  by  them,  hence  theur  cost  is  a  function  of 
the  weii^t  of  the  movable  masses;  and,  as  they  necessarily  have  slow  and 
limited  motions,  and  as  they  work  under  veiy  heavy  loads,  they  are 
essentially  costly  and  must  be  designed  for  the  highest  pemussible  unti- 
bearin^presBures,  in  order  to  obtain  the  smallest  practicable  diametem. 
In  general,  in  movable  bridges  the  lengths  of  bearings  are  limited  by  spaoe 
conditions,  and  increased  bearing  surface  can  only  be  obtained  by  oilatged 
diameters;  and,  as  the  weights  of  bearings,  trunnions,  etc.,  increase  as 
the  squariB  of  their  diameters,  and  then*  costs  nearly  in  the  same  proportion, 
the  economic  importance  of  high  unit-bearing-pressures  will  be  readily 
understood,  consequently  for  these  parts  one  is  justified  in  adopting  the 
best  grades  of  bearing  metals  and  the  most  complete  provision  for  lubrici^ 
tion.  The  latter  involves  not  only  suitable  oil-or-grease-grooves,  pressure 
lubricators,  and  lubricant,  all  arranged  so  the  said  lubricant  will  surely 
reach  the  surfaces  under  pressure,  but  also  requires  convenient  and  safe 
means  of  aeceas,  such  as  steps,  ladders,  pUtfonns,  and  lailiqga,  as  well  as 
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ample  ligbt  and  space  to  insure  the  comfort  and  safety  of  the  attendants, 
as  parts  dangerous  or  even  difficult  of  access  will  otherwise  afanost  surely 
bene^ected. 

The  operating  machmeiy,  the  function  of  which  is  not  xaafy  to  transfer 
the  motion  of  the  motors  or  prime  movers  to  the  bridge  structure,  but  also 
to  retard  and  anest  that  cf  the  span,  is  dependent  for  the  mm  and  strength 
of  its  parts  on  the  power  qr  torque  dT  the  said  prime  movers  and  the  resist- 
ancip  of  the  retarding  mechanism  or  brakes;  for  the  maximum  operating 
stresses  to  which  these  parts  will  be  subjected  are  obviously  those  which 
the  motive  power  or  brakes  can  put  upon  them— and  usually  those  pro- 
duced by  the  brakes  are  the  mm  severe. 

Breakdowns  of  machinery  rarely  occur  ham  the  acoderating  force  of 
the  motive  machine,  while  many  do  occur  from  excessive  retaidation  or 
brake  resistance;  and  this  is  easily  accounted  for,  as  the  maximum  torque 
of  the  motive  machine  ran  readily  be  determined  and  cannot  be  exceeded, 
while  the  retarding  or  brake  forces  are  dependent  on  frictional  resLRt  anoes, 
more  or  less  indeterminate,  and  are  liable  to  great  variation  with  slight 
changes  of  condition,  rapidity  of  application,  and  maladjustment,  and 
also  to  a  very  natural  tendency  on  the  ])art  of  designers  and  operators  to 
provide  unnecessary'  brake  str('np;th.  In  the  author's  opinion,  the  oper- 
ating brake-resistance  should  not  exceed  the  starting  torque  of  the  motors. 

Economics,  therefore,  rcfjuircs  that  the  conditions  of  traffic  should  be 
carefully  studied,  in  order  to  (ictcnnine  as  nearly  us  possible  the  actual 
service  the  bridge  nuist  render,  ius  well  as  the  resistances  to  motion  likely 
to  be  encountered,  with  the  view  of  avoiding  unnec<»ssarily-great  motive- 
f)ower  with  correspondingly-larger  brake-resistance,  and  consequent 
unnecessarily-high  first-cost  of  machinery  and  motors. 

The  power  and  strength  of  the  ojxMating  machinery'',  in  the  case  of 
swing  britlges  having  eciual  anns,  is  mainly  a  (juestion  of  speed  of  ojieration; 
as  it  will  generally  be  found  that  when  the  i)ower  is  sufh<  ient  to  overcome 
the  frictional  resistances  and  give  the  acceleration  needed  to  perfonn  the 
required  movement  in  tlu*  required  tune,  there  will  be  an  ample  amount 
to  overcome  any  unbalance  of  wind  pressure  likely  to  occiu"  on  the  anns  of 
the  bridge.  Similarly  with  lift  bridges,  if  there  is  ample  power  to  over- 
come the  normal  friction  and  give  the  required  acceleration,  there  will 
be  ample  power  to  overcome  at  full  speed  any  added  friction  on  the  guides  ■ 
from  side  wind-pressure,  and,  at  a  dower  speed,  any  imbalanced  load  on 
the  floor,  except,  perhaps,  in  situations  UaUe  to  unusual  snow  load. 

With  the  bascule  bridge  the  case  is  usually  different  from  that  of  the 
owing  or  the  lift  bridge;  because,  with  the  former  in  a  raised  position,  the 
floor  area  exposed  to  horisontal  wind  pressure  is  large,  especially  in  the 
case  of  the  closed  floors  of  highway  bridges.  The  wind  moment  about 
the  axis  of  a  bascule  bridge  is,  therefore,  great,  while  the  lever  ann  of  the 
operating  machinery  is  usually  onnpantively  short;  and  hence  the  pres- 
sures and  f<»oe8  in  the  opera^ng  machineiy,  aa  wdl  as  the  motive  power 
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required  (and,  oonflequently,  the  ooet),  will  gpumlbr  be  detenniDed  bgr 
the  wiod  praniira  to  IM  lenfltod  imther  thu 

eration.  It  is  thought  that  the  tendency  of  eogiiieen  is  arbttnriHy  to 
nnmimr  uimeoeBBeri^-high  wind-praamieBy  without  rogeid  to  the  actual 
oonditioiis  and  dtuatioii0»  and  that,  if  ukto  oanful  atudiea  of  the  enr- 
roundiiigB  were  made^  and  if  the  praeBum  provided  for  were  mcure  in 
aoeoidaiioe  with  thoae  fikely  to  oeeur  in  aotual  praotaee,  oooddenble 
eoonomy  would  result. 

The  anther  believes  that  in  but  very  few  situations  are  basouk  bridges 
liable  to  be  operated  under  anything  like  such  wind  pressures  as  are  often 
specified,  and  that  due  consideration  is  not  given  to  the  fact  that,  even 
though  the  toe  of  the  span  when  high  in  the  air  may  be  under  considerable 
wind  pressure,  this  pressure  docs  not  extend  to  the  heel  of  the  span,  and 
that  on  the  whole  surface  the  total  pressure  is  far  less  than  the  velocity 
of  the  wind  would  seem  to  indicate.  This  is  especially  so  when,  as  is  oft^n 
the  case,  the  banks  are  high,  or  poverrd  by  trees  or  buildings,  and  the 
bridge  is  sheltered  from  all  but  winds  in  the  direction  of  the  channel.  The 
author  believes,  too,  from  both  his  own  experience  and  conferenoos  with 
other  bridge  specialists,  that,  in  goneral,  bjisculo  bridges  capable  of  slow 
operation  against  a  unifonn  pressure  of  t(m  i>ounds  per  s(|uare  foot,  or  even 
less,  and  at  full  speed  against  two  pounds  per  square  foot  will  answer  all 
requirements. 

It  is  quite  usual  with  bascule  bridges  to  specify  holding  or  brake  power 
sufficient  to  resist  such  abnormal  wind  pressures  as  fifteen  or  twenty 
pounds  per  square  foot  over  the  whole  floor  surface.  To  meet  such  a 
condition  with  normal  unit  stresses  would  nxjuire  excessiveh -strong 
and  prohibitively-costly  machinery';  and  it  is  l)elieved  that  under  such 
sp^ifications  one  is  warrantctl  in  using  as  low  factors  of  safety  as  will 
ensure  unit  str(;sses  within  the  elastic  limit,  for  such  pressures  may  never 
occur  with  the  bridge  raised  during  its  entire  lifetime. 

Such  a  holding  i>ower  requires  a  severity  of  l)rake  action  not  onh'  inuie- 
sirablc  but  dangerous  in  normal  operation:  and.  therefore,  if  provision  for 
such  holding  power  must  be  made,  it  should  be  by  means  of  auxiliary 
brakes,  to  be  u:sed  only  in  ea.se  an  emergency  should  arise. 

The  economic  importance  of  the  use,  as  far  as  possible,  of  machinery 
and  apparatus  of  standard  manufacture  cannot  be  too  strongly  empha- 
sized,  not  only  in  view  of  the  lower  first  cost,  but  also  in  the  matter  of 
maintenance;  because,  where  special  designs  are  adopted  requiring  special 
patterns,  those  patterns  must  be  stored  pending  future  repairs,  which, 
occurring  alter  long  lapses  of  time,  will  involve  delay  in  the  location  of 
the  required  patterns,  if  they  can  be  found  at  all,  and  extra  expense  and 
time  in  the  reproduction  of  the  parts  from  them.  The  designer  of  the 
bridge,  therefore,  should  provide  ample  space  for  machineiy  with  a  view 
to  the  kind  to  be  installed,  as  often  the  use  (tf  special  apparatus  may  be 
necessitated  by  the  lack  of  a  few  feet  or  even  a  few  inches  of  room. 
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The  author  has  noticed  a  tendency  to  extreme  economy  in  gtructural 
metal  at  a  aaorifioe  of  epaee  required  for  aimplioity  of  maehinery.  Stiuo- 
turel  metal  is  eheap  compared  to  machinery;  and,  eepedaQy  in  baaeule 
bndgeB)  the  latter  involveB  a  large  portion  of  the  total  ooet,  hence  a  V€ty 
'  ooDsideraUe  apparent  extravagance  in  structural  metal  may  often  result 
in  a  reduction  of  total  expenditure,  by  simplification  of  the  madbineiy  and 
fay  proviaioii  of  spaoe  for  standard  apparatus. 
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P068IBILrnE8  AMD  EOONOIOCS  OV  TBS  TBAMSBOBDEDB 

Most  of  (he  contents  of  this  chapter  are  taken  from  a  paper,  having  the 
same  title,  presented  to  the  Instatution  of  Chrll  Engineers  of  Great  Britain,* 
but  it  is  snppieniented  by  some  hitcr  investigations  concerning  a  proposed 
crossing  of  the  Delaware  River  between  Philadelphia,  Pa.,  and  Camden, 
N.  J.,  on  the  preliminaiy  economic  studies  for  which  the  author  had  pre- 
viously been  retained. 

The  "tran^xmieur"  as  it  was  named  in  France  wh^  it  was  originated 
by  the  noted  engineer,  Monsieur  F.  Amodin,  or  "transporter  bridge,"  as  it 
is  called  in  England  where  a  number  of  structures  of  that  iy\)e  have  been 
built,  or  the  "aerial  ferry,"  as  it  is  termed  in  the  United  States,  where  there 
is  only  a  single  example,  is  a  rather  inferior  substitute  for  a  low-level 
bridge.  The  author  prefers  to  adopt  the  name  '*  transbordeur"  not  onl)' 
because  of  the  prior  claim  of  that  appellation  hut  also  on  account  of  its 
being  shorter  than  either  of  the  other  eognoTnens;  and  he  is  going  to  take 
the  liberty  of  anglicizing  it  hereinafter  by  omitting  to  put  it  in  italics.  The 
only  excuse  for  the  existence  of  tliis  tyy)e  of  struetun^  is  that  its  construction 
is  pennissible  at  certain  locations  where  no  low-level  bridge  would  be 
allowed,  and  where  a  high-level  structure  would  l>e  unsatisfactory  for  the 
crossing  traffic.  Such  conditions  exist  where  the  land  adjacent  to  the 
water\N'ay  is  low  and  where  inaiiN  hi^h-niasted  vessels  liaxc  to  pass,  or 
where  the  chann(>l  fonus  the  entrance  to  a  harl)<>r  of  refuge.  Under  the 
latter  condition,  any  low-level  bridge  might  prove  to  be  a  serious  menace  to 
navigation;  for  it  is  conceivable  that  the  movable  span  might  get  out  of 
order  and  become  immovable  for  a  while  during  a  high  wind  when  vessels 
are  passing  through  the  channel  in  order  to  reach  the  safe  harbor  beyorul. 

In  (omparison  with  the  low-level  bridge,  the  inferior  features  of  the 
tran.sbordeur  arc  a>^  follow^s: 

First.  Its  carrying  capacity  for  automobiles  during  any  given  length 
of  time  is  imich  smaller. 

Second.  The  time  necessary  for  crossing  by  it,  up  Ui  the  present  at  least, 
is  much  greater. 

Third.   The  costs  of  both  power  and  labor  for  operat  ion  are  higher. 
Fourth.   While  the  actual  first  cost  of  structure  is  al>out  the  same,  or 
possibly  a  little  less,  in  respect  to  general  service  rendered  it  b  krger. 

*The  oontr  tit  s  of  this  paper  were  used  by  the  Editor  of  L«  C^itie  Twiil  m  the  baais  of 
a  long  editorial,  published  io  two  siiooeasive  iasues. 

318 


Digitized  by  Google 


P068IBILITIES  AND  ECONOMICS  OF  THE  TBANSBORDEUB  319 


The  ordinal^'  transbordeur  consists  of  two  towers,  an  overhead  span 
between  them  high  ftnnngh  to  clear  the  luasts  of  the  tallest  vessels,  a  woffe 
tarack  on  the  span,  a  car  running  upon  the  track,  a  traveling  platform  sus- 
pended fitnn  the  car,  a  fixed  platform  at  each  end  of  the  car's  travel  for 
unloading  and  reloading,  and  approaches  to  these  fixed  platforms  from  the 
Streets.  Up  to  the  present  time  all  of  the  transbordeurs  yet  built  are 
aiDgle-span,  single-track,  stngle-carriage,  dow^motion  structures,  con- 
sequently their  efficiency  is  bw  and  their  use  is  confined  to  comparatively 
narrow  waterways. 

There  are  four  types  of  bridge  suitable  for  carrying  the  cages  of  the  trans- 
bordeur, viz.,  the  siniple-trviHS,  t  he  continuous-truss,  the  cantilever,  and  the 
suspension.  The  choice  between  these  will  depend  almost  entirely  upon 
the  governing  conditions  at  the  crossing. 

In  "  Bridge  Engineering"  on  p.  674  the  author  in  1916  wrote  as  follows: 

If  the  :iuthur  were  ever  called  upon  to  design  a  tranB})ortcr  bridge,  he  would  cflect 
a  great  improvement  by  widening  the  stnicture  so  as  to  provide  for  a  doable  trade, 
and  woidd  oany  on  H  four  or  more  can.  These  cars  would  always  Ixavd  upon  the 

right-hand  track,  and  would  run  onto  a  single  track  at  each  end  of  span  whoro  they 
would  discliargc  and  take  on  passonpors  ARain,  he  would  use  powerful  elect  ric  motors 
so  :i-s  to  travel  at  high  speed.  Hy  tlicsc  means,  the  earryinn  eapacity  of  the  bridge  would 
be  multiplied  many  fold  and  the  time  required  fur  transit  would  be  reduced toa  minimum; 
because  the  intervals  between  can  could  readily  be  made  as  small  as  one  minute,  requir- 
ing  only  sufficient  time  to  unload  and  reload  the  foot  passengen  and  vehicles.  The 
car  should  be  made  double  deck,  the  pedestnans  being  carried  above;  and  the  roadway 
should  have  a  double  track,  the  right  one  lieing  for  the  use  of  a  single  street-car  and  the 
left  for  two,  or  fjossihly  thr(H',  wagons.  At  the  end  of  the  trip  the  car  would  leave  first, 
and  the  wagons  would  follow  immediately,  edging  over  to  the  right  so  as  to  permit  of 
the  ingress  of  the  oncoming  car,  which  in  its  turn  would  be  followed  by  wagons  to  occupy 
the  left-hand  side.  While  the  vehicles  would  be  going  off  and  othera  getting  on,  the 
upper  deck  could  easily  be  emptied  <rf  its  pedestrians  and  refilled. 

At  the  time  the  preceding  was  written  the  author  did  not  antiripate 
encountcrinj^  at  all  shortly  an  opportunity  to  figure  upon  a  transbordeur  of 
the  type  di'scribed;  hut  in  101<S  he  was  selected  by  the  City  of  New  Orleans 
as  bridge  ex])ert  to  serve  as  one  of  the  three  members  of  the  Hoard  of 
Advisory  Engineers  sfx^'ially  apixjinted  to  .study  the  governing  conditions 
and  to  report  uiK)n  the  advisability  of  l)ridgiiig  or  tunneling  the  Missis- 
sippi Hiver  at  or  near  that  city.  In  the  course  of  the  investigations,  which 
neeupied  nearly  a  year,  there  arose  the  question  of  building  a  combined- 
high  way-and-eleetric-railway  structure  connecting  New  Orleans  and 
Algiei-s.  As  the  line  joining  the  centers  of  gravity  of  these  two  places  is 
Mow  the  center  of  gravity  of  the  cities'  wharves,  many  ocean-going 
steamers  cross  it  daily,  and  thi^-e  will  be  a  still  gretiter  number  per  diem  in 
the  future.  For  this  reason  a  low-level  bridge  at  this  location  is  inadmis- 
sible, but  a  transbordeur  layout  would  undoubtedly  be  accepted  by  the 
War  Department,  as  the  resulting  structure  would  interfere  veiy  littlCi 
if  any,  with  uavigation. 
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Through  the  oourtMy  of  the  "Bridge  or  Tunnels  Committee"  of  the 
"PQUie  Belt  RaOioad  Commuaoii,"  the  author  is  permitted  to  utilize  for 
this  memoir  the  results  of  the  transbordeur  investigations  which  he  made 
for  the  said  Board.  His  design  for  that  transbordeur  involved  multiple 
ipans,  double  track,  multiple  cages,  and  rapid  transit,  the  speed  of  travel 
reaching  a  maxhnum  of  thirty  (30)  mike  per  hour.  Comparing  Uub  with 
the  before-mentioned  existing  single-span,  single-track,  single-cage,  dow- 
motion  structures,  it  is  evident  thai  the  aaid  investigation  has  revolu- 
tkmiied  transbordeur  designing  by  raiang  the  carrying  capacity  per  hour 
to  something  like  that  of  the  corresponding  low-level  bridge,  when  due 
consideration  is  given  to  the  time  lost  by  reason  of  passing  vessds. 

In  the  New  Orleans  investigation  it  was  nocossar>'  to  make  estimates  of 
cost,  based  on  ante-bellum  unit  prices,  for  Iwth  high-level  and  low-level 
combined-hiphway-anfi-street-raihvay  bridges,  not  withstanding  the  faet 
that,  in  all  pn^hability.  the  latter  type  would  be  inadmissible;  and  estimates 
were  atlded  for  four  t ranslwrdeurs,  two  to  carry  cages  one  hundred  feet 
long  and  the  otliers  to  support  cages  of  half  that  length.  The  results  of 
these  computations  are  given  in  the  following  table: 


TABLE  32a 


Type  of  Structure 

Total  Cost  of  St  met  ure 
Baaed  on  Ante-bellum 
Unit-PkieM 

I/>w-Ix'vcl  liridpc  

Traasbordeur  with  four  long  cages. .  .  . 

TVanibofdaiir  with  ax  loog  cages  

TnmaLufdeur  with  four  d»ft  ohpbb.  . . 
TVMMiwnfoiir  with  ofac  ahort  onges. . . . 

^^..'iOO.OOO 

'2.m),m) 

3,2^,000 
3,480,000 

From  the  preceding  table  may  be  drawn  the  fSolkfWing  concIuacniB: 
FM,  The  high-levd  bridge  is  more  than  twice  as  expensive  as  the 
]ow4evd  bridge.  This  agrees  with  the  deductions  that  can  be  drawn  Iroai 
comparisons  of  the  estimates  for  high-level  and  kyw-level  eombined- 
bridgeSi  and  of  high-level  and  low-level  steam-raflway  bridges,  which  wm 
made  for  the  New  Orleans  investigation. 

Second,  The  transbordeur  with  short  cages  is  a  little  cheaper  than  the 
low-level  Inridge. 

Third»  The  transbonleur  with  long  cages  is  some  22  per  oent  more 
expensive  than  the  low-level  bridge,  but  costs  only  58  per  cent  of  the  prioe 
of  the  high-level  bridge. 

The  utmost  capacity  of  the  transbordeur  with  six  short  cages  is  40  cages 
per  hour  in  each  direction;  and  each  cage  is  capable  of  canying  a  fully- 
loaded  street-car,  four  automobiles,  and  250  pedestrians,  making  40  can, 
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100  utomobfleg,  and  10,000  pedeBtrianB  per  hcnir  tn  dineUan.  Hub 
ffiTtrF»ftf*>  iB  baaed  upon  the  aaeumption  of  there  being  no  interferenee  hom 
livw  traffie.  Of  ooune,  the  capacity  of  the  tranaboideur  ytiih  bx  long 
cafBs  Ib  about  twice  as  great  as  the  preceding  figures  indicate. 

Comparing  the  economics  of  the  trenidlxudrar  with  short  cages  and 
that  with  cages  twice  as  long,  it  is  evident  thai  the  addition  of  90  per  cent 
to  the  cost  €i  the  former  wiU  nearly  double  its  transporting  capact^; 
eonsequentlyy  if  the  probable  demand  upon  the  structure  within,  si^,  half 
a  century  be  greater  than  its  figured  capacity  for  short  cages,  it  might 
be  built  strong  enough  to  cany  kmg  cages,  and  be  operated  with  the 
short  ones  untfl  such  time  as  the  long  ones  are  required.  Moreover, 
It  would  be  practicable  to  connect  two  short  cages  so  as  to  foim  the 
equivalent  of  one  long  one.  Such  an  arrangement  would  reduce  by 
about  $150,000  the  first  cost  of  Ihe  most  expensive  of  the  four  trans- 
bordeurs  tabulated. 

As  for  the  question  whether  it  is  preferable  to  employ  fouror  six  cagei^ 
it  would  be  economical  to  adopt  four  at  first  and  then  increase  the  number 
to  five  and  fituilly  to  six  as  the  traffic  augments. 

It  should  be  noted  that  there  arc  several  rather-widely-separated  cross- 
ings of  the  river  which  are  prBctical)l<>  for  the  location  of  the  transbordeur, 
consequently  it  might  be  economic  to  build  the  cheaper  stnicture,  and  later, 
when  its  capacity  is  neariy  reached,  construct  another  some  distance 
away.  Two  widely-separated  structures  of  a  certain  capacity  would  be 
far  more  serviceable  to  the  public  than  a  single  structure  of  double  that 
capacity. 

The  transbordeur  may  prove  in  years  to  como  tho  ideal  tyix'  of  structure 
to  provide  for  jM'destriun,  vehicular,  and  street-railway  traffic  across  the 
river  near  tlie  he^irt  of  the  City;  because  the  high-level  bridge  is  so  expen- 
sive and  involves  such  a  great  climb  and  such  long  detours  that  it  is  really 
out  of  the  {|uestioii;  and  a  low-level  struetun*  behtw  the  up-stream  city- 
limits  would  offer  too  much  oltstrurtion  to  navigation.  Owing  to  its  long 
spans  and  its  great  vertical  clearance,  which  extends  from  levee  to  levee, 
the  transl)orileur  would  cause  less  obstruction  to  navigation  than  any 
otlier  fK)ssible  ty|)e  of  stnicture. 

While  the  cost  of  operating  a  transbordeur  may  figure  out  to  be  greater 
than  that  of  ojn^rating  the  movable  sj)an  of  a  low-level  briilge  or  the  pas- 
senger elevators  of  a  high-level  bridge,  if  one  will  include  the  cost  of  the 
animal  jxiwer,  auto  power,  anil  trolley  power  exix-nded  in  traversing  a  low- 
level  bridge  (excluding,  of  coui'^je,  the  approaches),  the  economics  may  prove 
to  be  reversed. 

The  character  of  oonstructioD  and  the  modus  operandi  of  operation  of 
the  suggested  transbordeur  are  iflustrated  in  Fig.  32a,  from  which  it  is 
seen  that  the  distance  between  centers  of  levees  at  the  selected  crossing  is 
2,250  feet,  divided  as  follows:  At  the  center  of  the  river  there  is  a  tower 
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200  feet  lone  transverse  to  the  stream;  and,  on  each  side  of  tliis,  a  70(>-foot 
span  with  a  cuntili-vereil  end  extending  out  4(K)  feet  Ixyond  a  supix^rting 
pier,  on  which  is  a  roeker-l)ent  tliat  is  stifTen<'d  hiterally  by  means  of  two 
triangiilar-braceil  frames.    The  iiu  lined  lejis  thereof  connect  to  the  ends  of 
the  cantilever  arms  of  a  vcr\-  deep  steel-j^irder,  encased  in  concrete,  that 
joins  the  two  concrete  cylinders  of  which  the  pier  is  compowd.    There  i> 
similar  arrangement  of  bracing  at  each  of  the  piers  near  mid-i  haniiil. 
The  outer  end  of  each  of  the  400-foot  spans  rests  on  a  roller  bearing  directly 
above  the  end  columns  of  a  steel-trestle  approach,  being  anchored  thereto 
"SO  as  to  prevent  any  uplift.   Of  course  there  can  be  no  bracmg  in  the  cen- 
tral portion  of  any  one  of  the  braced  towers,  because  the  ferry  cars  or 
cages  have  to  pass  through  that  space.  TTie  trusses  are  100  feet  deep; 
and  they  are  braced  across  between  chords  in  both  horisontal  and  vertical 
planes,  so  as  to  stiffen  them  thoroughly.  The  long-type  cages,  of  wbSA 
there  are  six,  are  about  100  feet  long  and  25  feet  wide  from  out  to  out 
They  will  carry  on  one  side  of  their  lower  deck  a  line  of  track  long  enough 
for  two  street-oars,  and  alongside  of  these  there  will  be  space  for  five  or  ax 
wagons,  or  eifl^t  automobiles,  or  five  motor  trucks.  The  cage  »  to  be 
double-decked,  the  upper  deck  being  for  pedestrians  and  covered  with  a 
roof;  the  sides  are  to  be  open  to  permit  the  wind  to  blow  throng  but 
arrangement  must  be  made  to  cover  the  upper  portions  of  them,  occupied 
by  the  pedestrians,  in  case  of  rainy  or  odU  weather.  The  cages  are  sus- 
pended by  rigid  frames  braced  on  all  four  faces  completely  at  the  aides, 
and  at  the  ends  to  within  about  8  feet  of  the  top  of  the  upper  dedc  Tbese 
cages  are  hung  by  trueks,  the  wheds  of  which  roll  on  rails  supported  by 
the  bottom  flanges  of  stringers.  In  order  to  avtnd  dday  ,  the  cars  are  always 
to  be  suspended  from  overhead,  and  are  not  to  be  carried  by  trada  on  the 
approaches  at  the  level  of  the  platform.  Near  the  outer  end  of  each 
trestle,  there  is  a  pair  of  independent  travelers  running  on  overhead  tzane- 
verse  tracks. 

At  each  end  of  the  structure  there  are  four  pockets,  two  for  operation 
and  two  for  storage.  The  latter  have  overhead  stringers  for  carrying  the 
wheels  of  the  traveling  cages. 

The  modus  operandi  is  as  follows: 

At  the  end  of  the  structure  shown  on  the  left  in  Fig.  32a,  a  traveUng 
cage  comes  along  "Track  A"  and  passes  into  "Traveler  A,"  which  is 
immediately  moved  outward  into  "Pocket  A."  At  once  "Traveler  B" 
is  moved  so  as  to  face  "Track  A,"  from  which  it  receives  the  neit  inooming 
cage,  and  then  moves  into  Pock(>t  B."  Meanwhile  the  street  car,  the 
vehicles,  and  the  pedestrians  of  the  first  cage  have  passed  out  to  the  left, 
as  indicated  by  the  arrow,  and  the  cage  is  again  filled  by  a  oar,  vehicles^ 
and  pedestrians  coming  in  from  the  right,  as  shown  by  the  arrow  adjacent 
to  the  curved  center-line  of  street-railway  track.  Then  "Traveler  A" 
moves  over  to  face  "Track  B,"  and  (he  cage  with  its  contents  starts  ba^ 
across  the  structure,  immediately  after  which  "Traveler  A"  moves  over 
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to  ''Tnok  A''  to  xwsexve  the  next  mooming  cage.  Hien  "Travoler  B/' 
its  cage  having  been  emptied  and  refilled,  as  indicated  by  the 
paflsea  over  to  "Track  B,"  and  its  content  starts  back  acroflB  the  atractuie. 
Finally  "Traveler  B"  moves  over  to  "Track  A"  to  recebe  another 
incoming  cage,  ''Traveler  A"  having  meanwhile  received  an  incoming 
cage  and  moved  over  to  "Pocket  A."  This  oompletee  a  <^yole  of  traveler 
operations  at  the  left  end. 

At  the  other  end,  the  first  returning  cage  enters  "Traveler  A',"  which 
immediately  moves  into  "Pocket  AV  where  the  car,  vehicles,  and  pedes- 
trians pass  out  to  the  left,  as  indicated  by  the  arrow  adjacent  to  the  center- 
hne  of  street-railway  track;  then  the  re-loading  is  done  from  the  rights 
as  indicated  by  the  other  arrow.  Meanwhile,  "Traveler  B'"  has  moved 
to  "Track  B,"  received  the  second  cage,  and  carried  it  to  "Pocket  B'," 
where  it  is  unloaded  to  the  left  and  reloaded  from  the  right,  as  shown  by 
the  arrows.  After  the  cage  in  "Traveler  A'"  isiekiaded,  the  said  traveler 
moves  over  to  "Track  A"  and  lets  the  cage  pass  out  for  another  trip. 
Then  "Traveler  A'"  moves  over  to  "Track  B"  to  receive  the  third  cage, 
which  it  takes  to  "Pocket  A'/'  and  " Traveler B'"  with  its  reloaded  cage 
passes  to  "Track  A"  to  discharge  its  contents.  This  completes  a  cycle 
of  traveler  operations  at  the  right  end. 

As  the  rush  traffic  of  tlie  morning  and  evening  hours  is  reduced,  one  or 
more  cages  can  he  run  to  the  storage  pockets,  where  they  can  be  lubricated, 
cleaned,  and  put  into  good  order;  and  at  night  a  single  cage  can  be  oper- 
ated by  filling  all  four  of  the  storage  pockets  and  one  of  the  other  pockets 
with  cages. 

It  will  ]w.  noticed  that  while  the  automobiles  and  the  other  vehicles 
always  head  in  the  same  direction,  they  do  not  have  to  back  out  of  the 
cages.  It  would  !•<>  pra('ti(':d)le  to  let  the  said  vehicles  head  in  either 
direction  by  putting  a  doulile  track  on  each  cage  and  turning  the  cars 
and  other  vehicles  out  quickly  to  the  right  on  the  approaches.  This 
would  necessitate  enclosing  in  a  "corral"  all  incoming  vehicles  until  the 
cage  is  emptied.  There  does  not  appear  to  be  much  choice  between  these 
two  metho<ls  of  ojieration. 

Fig.  32a  in(hcates  the  method  of  caring  for  pedestrians.  They  piiss  up 
the  stairways  shown  at  the  ends  to  covered  platforms  alongside  the  stor- 
age pockets,  where  they  await  the  arrival  of  the  cage;  and  they  would 
not  be  allowed  to  enter  the  latter  until  after  its  incoming  load  of  pedes- 
trians had  pass(H^l  off  by  the  adjacent  exit-stair\\'ay.  There  could,  there- 
fore, Ije  no  chishing  of  incoming  and  outgoing  pedestrians;  and  the  ai> 
proaches  to  \ho  entering  stairway  could  be  arranged  so  as  to  avoid  any 
interference  betwe(Mi  the  i)edestrians  and  vehicles  of  all  kinds. 

Assuming  a  maximum  attainable  velocity  of  thirty  miles  per  hour, 
which  may  not  always  have  to  l)e  utiHzed,  and  with  only  four  cages  and 
two  travelers  operating,  the  following  time  scheiiule  was  figured,  based 
upon  an  allowance  of  three  minutes  for  a  cage  to  cross  the  river: 
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Time  in 

Minute* 

Trav.  A 

0 

Cage  1  entan  Trav.  A 

1 

C«Kr  1  pnterw  rf)rket  A 

11 

Cage  1  leave*  Tockct  A 

s 

Cage  1  enters  Traek  B 

• 

Sl 

Cage  2  entcni  Trav.  A 

Case  2  entcra  Pocket  A 

Cage  2  Umitm  PoekeC  A 

Cage  2  enteni  Track  B 

Ca«;c  3  entera  Trav.  A 

Cage  1  entcfs  Trav. 

7 

Cage  3  antMi  Tntk  B 

Cm»  1  MitocaTrMk  A 

7* 

Cage  4  enters  Trav.  A 

Cbrc  2  enters  Trav.  A' 

•1 

Cage  4  enters  Track  B 

Cage  2  enters  Traek  A 

10 

€!tm»  1  «Btem  Tmr.  A 

Gate  S  entan  TVav.  A' 

U 

Cage  1  enters  Track  B 

Cage  8  entan  Track  A 

12 

Cage  2  enters  Trav.  A 

Cage  4  entan  Trav.  A' 

Mft 

Gkaa  2  eBlan  Track  B 

Oefle  4  entan  Tnrk  A 

1« 

Ctm  9  entan  Ttvr,  A 

Gage  1  entan  Tkt.  A' 

In  the  above  schedule  it  wiU  be  noted  that  during  the  first  four  and  a 
half  minutes  both  the  major  and  the  minor  operations  are  noted,  but  that 
in  the  next  ten  and  a  half  minutes^  for  the  sake  of  brevity,  the  latter  are 
omitted. 

The  above  layout  gives  two-and-c^-half  minute  service  in  each  direction. 

With  six  cages  and  four  travelers  operating,  the  following  time  schedule 
was  figured,  based  upon  an  allowanoe  of  two  and  a  quarter  minutes  for  a 
cage  to  cross  the  river: 


Time  in 
Minutes 

21  Trav 

3  Cage 

3|  Trar. 

34 

31 

41 

41 

4]  Trav. 
6  Tnv. 

6i  Cage 
H  Trav. 
C^tfe 
Trar, 


Time  in 
Minutse 

0 

0 
I 

II 

II 

If 

2 

SI 

Tmt.  a 

A  faces  Trk,  A. 
3  enters  Trav.  A 
AentanBodc  A 


Trnv.  A 
Trav.  .\  facfs  Track  A 
Cage  1  enters  Trav.  A 
IteT.  A  entan  BDcket  A 


« 

7i 

n 

71  Tkav. 

8  Trav, 
Si  Cags 
S|  TtaT. 

9  Gene 


A  leaves  Pock.  A 
A  faees  Trk.  B 
3  Io:ivcH  Trnv.  A 
A  faces  Trk.  A 
5  entan  Tfeav.  A 
AentanPoek.  A 


Trav.  A  leaves  Pocket  A 
Trav.  A  fnr»>8  Track  B 
Cage  1  leaves  Trav.  A 

Tkvr.  B 


Tnv.  B  leavea  Poek.  B 

Trav.  B  fac^s  Trk  H 
Cage  2  leaves  I'rav.  B 
Trav.  B  faees  Trk.  A 

Cii»t4'  1  enters  Trav.  B 
Trav.  B  enters  Pock.  B 


IVar.  A' 


Trnv  1^  fsces  Track  A 
Cage  2  enters  Trav.  B 


Tnv.  A'  faeea  Trk.  B 

Cage  1  enters  Trav.  A' 
Trav.  A'  eaters  Pook.  A' 


A  leaves  Vock.  A 
A  fs^es  Trk.  B 
5  leaves  Trav.  A 
A  faeea  Traek  A 
1  entan  Thiv.  A 


Trav.  B  lenvf^H  Pork,  B 
Trav.  B  faces  Trk.  B 
Cage  4  leaves  Trav.  B 

Trav  B  ftices  Trk  .\ 
Cage  0  enters  Trav.  B 
Trav.  B  enten  Podi.  A 


Trav.  .V  leaves  Pock.  A' 
Tr»v.  A'  faces  Trk.  A 
Cage  1  leaves  Trav.  A' 

Trav   ,\'  fat.H  Trk  B 
Cage  3  enters  Trav.  A' 
Tnv.A'entanFoek,A' 


Trav.  B' faeea  Trk.  B 
Ca«e  2  entan  Tmr.  V 
TtaV.  B' entan  Pock.  B* 


Tmv.B'leaveePtoekB' 

Trav.  B'  faces  Trk  A 
Cage  2  leaves  Trav.  B' 
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Hob  layout  gives  oiie-aiid-«-haIf  minute  sennce  in  each  directimi* 

The  preceding  tnethod  of  handling  the  cages  by  means  of  travelers  was 
not  desigDed  tnatonter,  hat  is  the  result  of  a  gradual  devebpment  through 
a  series  of  tentative  studies.  The  first  idea  that  occurred  to  the  author 
was  to  carry  the  cages  by  the  suspension  system  around  a  loop  of  large 
diameter  at  each  end  of  the  route,  but  this  necessitated  a  very  awkward 
(ietaili  troublesome  to  operate,  consisting  of  u  pair  of  movable  platforms  to 
permit  cars  and  other  vehicles  to  enter  or  leave  the  cage  at  the  ends.  This 
alone  was  sufficient  reason  for  condemning  the  method;  but  there  was  a 
still-more-important  one,  via.,  that  a  breakdown  of  one  of  the  traveling 
cages  would  tie  up  the  whole  line.  This  contingency  might  have  been 
provided  for  by  having  outside  of  each  loop  a  traveler  leading  to  a  "hos- 
pital" pocket;  but  that  detafl  also  would  have  been  awkward  and  trouble- 
some to  operate,  hence  the  loop-system  project  was  soon  abandoned. 

Next  came  the  idea  of  using  switches  at  the  approaches,  but  it  was  evi- 
dent at  once  that  overhead  ones  were  impracticable  on  account  of  the 
necessity  for  cutting  through  the  supporting  girders,  hence  they  would 
have  to  be  located  beneath  the  cage,  which  would  then  require  trucks 
below  as  weQ  as  above,  and  the  support  would  have  to  be  changed  at  veiy 
short  intervals  between  the  upper  and  the  lower  systems.  This  method, 
too,  was  awkward,  requiring  both  time  and  an  additional  expenditure  of 
power  to  make  the  chuige,  consequently  it,  also,  was  soon  abandoned. 

Next  came  the  scheme  of  operating  the  two  tracks  as  entirely  inde- 
pendent units,  but  adjusting  the  times  for  starting  89  as  to  have  com- 
paratively regular  intervals  between  cages  in  each  direction.  This  scheme 
involved  the  idea  of  the  lateral  travelers  running  on  transverse  tracks 
bdow,  with  the  cage  still  supported  from  above  by  longitudinal  tracks 
which  would  be  a  continuation  of  those  on  the  span,  the  interval  between 
being  so  small  as  readily  to  be  jumped  by  the  wheels. 

The  layout  for  this  method  of  operation  is  shown  in  Fig.  32&,  from  which 
it  is  seen  that  near  the  outer  end  of  each  trestle-approach  thero  is  to  be  a  - 
pair  of  independent,  double-chambered  travelers  running  on  tnmsverse 
tracks,  the  extreme  motion  of  each  traveler  being  about  25  feet.  These 
travelers  are  entirely  disconnected  from  the  top  of  the  trestie,  but  lie  up 
veiy  close  to  it.  Beyond  each  traveler  is  a  stationary  pocket  (large 
enon^  to  receive  a  cage)  braced  at  the  sides,  but  open  at  the  river  end  for 
the  full  height,  and  open  at  the  shore  end  near  the  bottom  high  enough 
for  the  ingress  and  egress  of  vehicles  and  pedestrians. 

The  modu8  operandi  is  as  follows:  As  shown  at  the  right-hand  side 
of  Fig.  32&,  looking  from  the  river,  the  traveler  is  at  its  outer  position,  all 
three  of  the  eage-reeeptaeles  being  vacant.  Cage  1  arrives  and  runs  into 
the  inner  chamber  of  the  traveler,  which  is  then  moved  inward  so  as  to 
allow  the  contents  of  the  cage  to  be  unloaded  and  a  new  load  to  be  taken 
on.  While  this  is  occurring.  Cage  2  arrives  and  passes  across  the  outer 
chamber  of  the  traveler  to  the  pocket  b^ond,  and  from  there  the  unloading 
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and  idoadlng  take  place.  Meanwhile  Cage  3  arriveB  and  nina  into  the 
outer  chamber  of  the  traveler,  after  which  the  hitter  is  moved  to  its  outer 
position,  8o  aa  to  aDow  Cage  3  to  unload  and  reload.  This  brings  Cage  1 
into  poiedtion  to  begin  its  return  }oumey;  and,  after  the  proper  interval, 
Cage  2  also  starts  back.  Next,  when  3  is  loaded,  the  traveler  moves 
inward  so  as  to  permit  that  cage  to  start.  This  operation  is  rqieated  at 
the  other  end  of  the  structure. 

The  operation  of  the  other  track  is  similar;  and,  as  previous^  indicated, 
the  times  of  starting  the  two  groups  of  cages  are  adjusted  so  as  to  make  the 
intervals  between  all  cages  as  nearly  uniform  as  practicable. 

The  time  of  travel  was  figured  as  follows  for  the  round  trip  of  one  cage: 
Assuming  that  the  said  cage  is  in  its  pocket,  loaded  and  ready  to  start,  then 

Trip  jicross  stnicturo  3,100  ft.  (g>  30  miles  per  hour=  1.17  mill. 


or,  to  allow  for  acceleration  ami  retardation,  say   1.50  min. 

Wait  of  two  one-minute  intervals  l)etween  ca^es,  which  time 
will  suffice  for  one  lateral  transfer  and  the  unloading  and  the 

reloading  of  the  cage   2.00  min. 

One  side  shift  of  traveler   0.25  min. 

Return  trip   1 .50  min. 

Two  intervals  of  one  minute  each  between  cages   2.00  min. 

One  side  shift  of  traveler   0.25  min. 

Total  tbne  for  one  round  trip   7.50  min. 


The  number  of  round  trips  per  hour  for  each  cage  will  be  ()0-r7.5  =  8; 
and,  ius  ther(>  are  six  cages,  there  will  be  altogether  48  round  trips  made 

on  the  two  tracks. 

The  intervals  between  cages  on  eacli  track  in  the  same  direction  will  be 
one  mill.,  one  min..  and  five  and  a  half  min.  By  starting  the  first  cage  of 
the  grouj)  of  three  on  Track  "B"  one  and  three-<juarters  tniinites  after  the 
third  cage  on  Track  "A"  has  left,  t)ie  intervals  between  stai'ts  at  either  end 
would  be  as  follows: 

1  min.,  1  min.,  If  min.,  1  min.,  1  min.,  1}  min.,  1  min., 
1  min..  If  min.,  1  min.,  etc.,  etc., 

Under  the  a.ssmnption  of  cars  one  hundred  feet  long,  the  capacity  of  the 
structure  per  hour  in  each  direction  was  estimated  to  l>e  48,01MJ  persons 
plus  a  large  but  unknown  amount  of  freight.  As.suining  also  that  one- 
fourth  of  the  p(3ople  of  Algiers  would  go  to  New  Orleans  ever\'  day,  and  that 
one-half  of  this  number  would  paf>s  ove*-  in  a  space  of  three  consecutive 
hours,  this  structure  would  comfortably  accommodate  two  cities,  each 
having  a  population  of  a  million.  On  the  l)a.sis.  however,  of  the  acconnno- 
dation  of  pafwenger  automobiles  and  motor  trucks  in  the  proportion  of 
those  operating  in  the  City  of  New  Orleans,  viz.,  three  automobiles  to  each 
motortruck  with  one  auto-vdude  to  each  33  inhabitants,  and  assuming 
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that  for  twelve  hours  per  dagr  the  cages  would  run  lull  and  the  other  twelve 
hours  only  half  full,  the  pcopQBed  transbordeur  would  serve  a  population  of 
about  475,000  in  Algiers,  or,  asy,  400,000  to  allow  for  intORUptioDS  firam 
river  traffic.  Were  the  short  cages  used  instead  of  the  long  ones,  the  popiH 
latkm  that  oould  be  scr\'ed  would  be  200,000,  showing  that,  for  many  yean 
to  oome^  even  wit  h  the  short  cages,  the  structure  would  have  ample  trane- 
porting  d^Micityi  becauee  Algiera  at  pneeiitis  only  a  smaU  community. 

The  next  improved  li^out  is  shown  in  Fig.  32c,  which  indicates  that  the 
number  of  transvene  travelers  had  been  increased  to  six  and  that  the  travel 
on  each  track  is  in  one  direction  only.  In  this  case  the  travelers  run  on 
tracks  beneath  them ;  but  after  the  drawing  had  been  made,  some  figuring 
showed  that  it  would  be  more  economical  to  suspend  the  said  travelers  from 
tracks  overhead,  as  indicattnl  in  the  layout  of  Fig.  22<i.  In  both  of  these 
layouts,  by  using  only  four  cages,  one  traveler  at  each  end,  and  1^  niiiiuteB 
for  crossing  the  river,  a  service  of  2 ^ -minute  intei'vals  could  be  obtained, 
provided  there  were  no  intei-ference  from  river  traffic.  With  three  travelers 
at  each  end  and  five  cages,  tlie  interval  would  be  reduced  to  2 J  minutes; 
and  by  adding  another  cage  it  could  be  uuide  as  small  as  IJ  minutes.  As 
indicated  previfiusly,  the  final  layout  w^ith  only  two  travelers  at  each  end 
gave  2^-minutc  intei-vals  with  four  cages  and  1^  minute  intervals  with  six 
cages,  thus  reducing  both  the  total  fii*st  cost  and  the  expense  of  operation. 

It  is  difficult  to  compare  the  operating  capacity  of  a  transbordeur  with 
that  of  a  low-level  bridge  of  the  same  general  cross-section,  but  it  might  be 
well  to  make  the  attempt,  assuming  as  an  equivalent  low-level  structure  the 
layout  adopted  for  New  Orleans,  viz.,  the  author's  standard  city-bridge, 
having  a  clear  roadway  of  42  feet  with  two  street-railway  tracks  at  the 
middle  and  two  exterior  sidewalks,  each  (jf  eiglit  fcH't  clear  width. 

Assuming  three  lines  of  pedestrians  per  sidewalk  with  intervals  of  three 
feet  in  each  fine,  which  represents  tus  dense  a  crowd  as  could  cross  com- 
fortably, and  a  speed  of  three  miles  jxt  hour,  makers  15,840  foot-passengers 
per  hour  in  each  direction,  while  the  transbordeur  with  50  ft.-cages  could 
carry  about  two-thirds  of  that  number.  In  respect  to  a  combination  of 
steeet  caia  and  automobiles,  the  average  speed  when  the  roadway  is  at  all 
crowded  will  not  exceed  twdve  miles  per  hour,  and  in  such  a  case  the  dis- 
tance between  autos  would  be  about  sbrty  feet.  It  would  be  seldom  that 
there  would  average  more  than  one  street  car  per  minute  on  each  track,  and 
in  that  case  there  would  not  be  more  than  one  automobile  in  190  ft.  travel- 
ing along  the  streetrcar  space;  hence  there  would  be  1060+640*1620 
automobiles  passing  in  each  direction  per  hour  or  ten  timee  as  many  as  the 
50  ft-cages  would  cany.  There  would  be  about  one  and  a  half  timea  as 
many  street^cars  traversing  the  bridge  as  could  be  carried  by  the  trane- 
bordeur  with  the  short  cages.  Were  there  a  horse-drawn  vdnde  or  two  on 
one  side  ol  the  roadway,  especially  a  heavily  loaded  one,  the  average  s|wwid 
for  the  automobfles  would  quickly  reduce  to  six  miles  per  hour  or  less, 
because  the  existence  of  occasiooal  street-cars,  as  wdl  as  the  automobiles 
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oooapying  the  stmUcar  qpaoe,  would  prevent  the  other  antomobOeB  from 
pMBing  quieUy  the  dovr  vehieleB.  This  cutting  of  the  speed  in  two  does 
not  by  any  means  halve  the  oapadty  of  the  bsidge,  but  it  certainly  rednoes 
it  materially,  powiMiy  to  75  per  cent;  became  the  space  between  vehidea 
oidd  reduce  with  the  decrease  in  velocity.  The  greater  the  number  of 
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Fia.  32d.  Fourth  Preliminary  Study  for  Proposed  New  Orleans  Transbordeur. 

horse-drawn  vehic  les  on  the  bridge  the  slower  would  be  the  average  s|x?ed 
of  the  procession  in  the  other  line;  and  with  a  great  many  of  them  on  the 
roadway,  the  automobiles  would  naturally  confine  their  travel  mainly  to  the 
street  car  line  and  adjust  their  speed  to  that  of  the  cars. 

It  is  evident,  therefore,  that,  before  designing  any  transbordeur,  one 
should  study  carefully  both  the  present  and  the  probable-future  proportions 
of  all  kinds  of  travel  and  adjust  the  design  upon  the  principle  of  "the 
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greatcrt  good  for  tbe  grefttort  mmiber."  The  limitirtimi  of  effidmj  will 
generaUy  be  found  to  be  the  capacity  for  tiMrf^  andtliiB 
een  be  gtcetfv  aiuanented  bv  malnTtcf  tlw»  qmbb  thiee^leoiBed.  tft*nff*f  cera 
of  tbe  streetHsan  and  the  auto-tracki  on  the  lower  one,  the  aotomofafles 
cm  the  middle  one,  and  the  pedeetnans  above. 

From  the  preceding  reasomng  it  may  be  conchided  that  in  the  eompari- 
son  between  a  double-track  transbordeur  with  short-cages  and  a  standard, 
00  ft.-wide,  highway  bridge,  the  former  is  two-thirds  as  effective  for  both 
pedestrians  and  street-cazB,  and  only  ono-tcnth  as  effective  for  antomobilea. 
If  the  100  ft.-long  cages  were  used  and  only  one  street-car  were  cairied  per 
cage,  the  rest  of  the  s|ince  being  occupied  by  automobiles,  thv^  preceding 
ratios  would  be  about  one  and  a  third,  two-thirds,  and  one-third;  or,  if  the 
long  cages  carried  two  street-cars  each,  these  fiipires  would  be  one  and  a 
third,  one  and  a  third,  and  one-fifth.  The  comparative  efficiencies  of  the 
two  stnictures  would,  consequently,  be  dependent  upon  how  the  traffic  is 
divided  l>etwoen  pedestrians,  street  cars,  and  automobiles.  For  the  first 
two  the  transbordeur  can  readily  he  iiuulc  but  little  lower  in  efficiency  than 
the  low-level  bridge,  hut  for  auto-traliic  it  will  always  ho  found  decidedly 
inferior;  and.  a,s  that  traffic  is  on  the  increase  in  lx)th  amount  and  impor- 
tance, it  must  inevitahly  be  concluded  that,  in  res|HH't  to  general  carrying 
capacity,  tbe  transbordeur  is  never  as  aatififactoiy  as  the  said  low-ievel 
bridge. 

The  making  of  this  coin]wri.son  was  advisable,  although  by  no  means 
essential,  InM^ause  there  should  never  be  any  choice  Ix'tween  a  l)ridgt*  and  a 
transbordeur  for  any  pr«)|M)sed  crossing.  As  stated  ut  the  iK^ginning  of 
this  chapter,  if  the  low-level  bridL^e  is  |M'rniissihle,  it  should  be  ado]ited; 
but,  if  not,  the  transbordeur  should  be  used  as  a  pis  aller.  The  author's 
object  in  making  the  attem])ted  comparison  was  to  coufinn  in  a  general 
way  his  a  priori  conclusion. 

As  previously  indicated,  there  will  not  V>e  many  occjusions  for  the  build- 
ing of  the  translx)rdeur;  and  the  conditions  of  traflic,  navigation,  river- 
width,  and  property  for  approaches  are  .so  varial)le  that  each  cjisc  will 
re(piire  a  tliorough  and  .systematic  coni|)ilation  of  them  all,  for  l)Oth  the 
immediate  and  the  distant  future,  and  an  exhaustive  study  of  the  (juestion 
how  best  to  compromist^"  between  eonlliclmg  uiterestb  and  to  develop  in 
general  the  greatest  jxxssible  efficiency. 

The  question  might  sometime  arise  as  to  whether  a  transbordeur  or  a 
high-level  bridge  would  be  preferable  for  the  crossing  of  a  waterway  navi- 
gated only  by  river  steamers,  for  which  the  Government's  clearance-requiro- 
ment  generally  varies  from  50  to  60  feet  above  high-water  elevation;  con- 
sequently, it  would  be  well  to  know  In  advance  the  approximate  ntiaB  of 
cost  of  a  transbordeur  to  the  various  costs  of  the  correeponding  high4evQl 
bridges  having  differing  vertical  clearances.  For  this  purixjsc  Fig.  Z2e 
was  prepared  by  using  as  a  basis  a  slight  modification  of  some  of  the  resnita 
of  the  computations  for  the  New  Orleans  Bridge  study.  That  figure  ghres 
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for  the  croasiiip;  at  that  pUice,  when  the  pier-locations  and  span-lcnj^ths  are 
constant,  the  ratios  of  costs  of  fixed-span  bridges  and  their  approaches  for 
all  cioarances  above  high  water  up  to  200  feet,  using  as  the  comparing  unit 
the  cost  of  the  bridge  having  a  clearance  of  only  ten  feet,  which  is  as  small 
as  generally  is  pennissible.  Curiously  enough,  the  costs  of  the  three 
bridges  sfx'cially  figured  for  the  diagram  make  the  record  a  straight  line. 
The  cost  of  the  transl)ordeur  with  short  cages  in  this  case  is  ahnost  equal  to 
that  for  a  lix<Hl-span  bridge  ha\  ing  a  clearance  of  ten  fe(»t,  as  given  by  the 
diagram;  and  that  for  a  clearance  of  00  feet  is  shown  to  Ix'  1 .2<S  times  that 
for  the  lowest  structure  and,  therefore,  also  1.28  times  that  for  the  trans- 
bordeur.    In  view  of  the  comparatively  small  difference  in  cost  between 
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transhordeur  and  fixed-span  l)ri(lg(>,  and  of  the  facts  that  a  climb  of  65  WiA 
above  the  wat«r  is  by  no  means  })rohibit()rv  for  any  cla.ss  of  vehicle,  even 
the  horse-<:lrawn, — that  the  carrying  capacity  of  th(^  bridge  is  generally 
greater  than  that  of  the  translx)rdeur  for  both  pe<iestrians  and  street-cars 
and  always  much  greater  for  automobiles, — and  that  horse-drawn  vehicles 
are  fiust  becoming  obsolete, — the  deduction  may  be  made  that,  for  crossings 
with  mtxlerately-high  v(Mtical-clearance,  the  fixed-span  bridge  is  decidedly 
preferable  to  the  transhordeur.  It  is  true  that  this  general  inference  ha,s 
lx.'en  drawn  from  a  single  case,  and  on  that  account  may  not  be  satis- 
factor\'  \vt  some  engineers;  but  the  author  is  of  the  opinion  that,  were 
similar  reasoning  applied  to  any  otlier  practical  case,  a  like  conclusion  would 
be  reached. 
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Before  closing  this  chapter  the  author  ha.s  decided  that  it  will  be  well  to 
take  two  pending  ctmcs  from  his  own  practice  and  indicate  how  they  should 
be  solved.  One  is  that  of  the  crossing  of  Havana  Harl>or,  Cuba,  so  as  to 
develop  a  tract  of  beautifully-situated  and  ahnost-entircly  unoccupied 
land  about  five  miles  long  and  one  mile  wide  paralleling  the  coiist  line. 
Some  seven  yeais  ii^o  the  author  s|)ent  consideral)le  time  and  money  on  the 
development  of  the  project  to  build  a  high-level,  cantilever,  highway-and- 
street-railway  bridge  over  the  entrance  channel  near  the  inner  end  of 
Cabafia  Castle  at  a  location  (juite  close  to  the  place  where  the  said  channel 
expands  into  the  btKly  of  the  gourd-shaped  bay  fonning  the  anchorage- 
ground  of  the  harbor.  Just  as  the  ])roject  Wius  al)out  to  materialize,  the 
war  in  Euroix?  lj<'gan;  and  ever  since  then  it  ha^^  l)een  imjiracticable  to 
raise  money  for  any  large  enterprise  not  (Hrectly  connected  witli  war  work. 
However,  the  time  is  probably  close  at  hand  when  it  will  l>e  advisable  to 
try  to  revive  the  scheme,  because  s<^^)oner  or  later  a  bridge  of  some  kind  will 
certainly  be  built  across  the  channel  so  as  to  |)ermit  the  city  to  exi)and  in 
the  one  possible  direction  that  will  permit  of  the  building  of  fine  residences 
within  quick  reach  of  the  business  center.  Thv.  old  layout,  shown  in  Fig. 
32/,  necessitated  the  carrj'ing  of  all  traffic  from  an  elevation  of  five  feet 
above  water  level  on  the  city  side  b\'  means  of  a  spiral  apjiroach  and 
passenger  elevators  to  an  elevation  of  two  hundred  and  four  feet  alx)ve 
the  same,  and  then  down  to  an  elevation  of  about  ooe  hundred  and  fifty 
feet  at  the  entrance  to  the  North  approach. 

About  a  year  ago,  it  struck  the  author  that  it  might  be  better  to  build  s 
double-track  transbordeur  quite  cloee  to  the  mouth  of  the  harbor  and  to 
carr>'  the  traffic  across  at  an  elevation  of  about  eighty  feet  above  the  water. 
Near  La  i^mta,  the  outermost  land  on  the  City  side  of  the  channel,  there  is 
a  laiige  area  of  open  ground  which  rises  gradually  to  an  elevation  of  twenty- 
five  or  thirty  fet^t  some  four  or  five  blocks  back  from  the  water:  and  at  the 
other  side  of  the  harbor,  bi>tween  Morro  and  Cabafia  Castles,  the  elevatioii 
of  the  land  is  much  lower  than  it  is  farther  in.  By  starting  with  a  trestle 
approach  near  the  South  end  of  the  said  open  ground  and  rising  on  a  four 
per  cent  grade,  more  or  less,  to  within  about  five  hundred  feet  of  mid-chan- 
nel, it  would  be  practicable  to  attain  the  elevation  just  mentioDed  for  the 
cage  d(  (  k;  and  on  the  other  side  a  short  trestle  with  an  easy  up-gvade 
would  lead  to  the  general  surface  of  the  ground  back  of  the  two  castlea. 
The  length  of  span  over  the  channel  would  not  be  more  than  800  feet;  and» 
possibly,  it  might  be  a  hundred  feet  shorter,  thus  making  the  travel  of  the 
cages  only  800  or  900  feet  On  that  account  it  would  not  be  eoonomical 
to  adopt  the  transverse  travders,  because  the  time  required  for  eroasing  la 
so  short  It  would  pay  better  to  widen  the  structure  and  put  in  another 
track  or  two,  should  the  prospective  traflic  wamrnt  it,  especiaOy  as,  on 
account  of  tiie  great  hdght  of  the  overhead  span,  a  large  width  of  structure 
is  necessaiy  for  resisting  properly  the  overturning  effect  (tf  the  wind  pres- 
sure, which  during  tropi<»l  storms  is  likely  to  be  escessive.  In  order  to 
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flaoure  a  laige  capacity,  it  would  be  advisable  to  make  the  cages  three- 
decked,  and  poaaibly  longer  than  fifty  feet.  Again,  in  order  to  save  time  in 
iinlnaHing  aiid  rdoading,  the  street-cars  leaving  the  city  side  could  take  the 
lower  dedc  and  the  automokMka  and  other  vehtclea  leaving  the  same  oouki 
occupy  the  middle  deck,  the  pedestrianB,  of  coorae,  always  using  the  upper 
deck.  Starting  from  the  other  side,  tJie  automobika  could  occupy  the  lower 
deck,  and  the  street-can  the  middle  deck.  By  this  arrangement  the  dU>- 
ing  of  the  comparatively  steep  grade  at  the  North  end  from  the  lower-deck 
level  would  be  done  by  street-cars  only,  and  time  would  be  saved  by  holding 
the  aiitomobilea  and  horae-drawn  vehidea  in  a  corral  until  after  the  atieet 
car  has  left  dear  both  the  cage  and  the  portion  of  the  approach  dose  thereto. 
Similarly,  the  street-car  would  be  hdd  in  a  corral  until  after  all  the  other 
vehidea  have  gotten  out  of  the  way.  Barring  interference  from  navigation, 
each  cage  could  make  a  round  trip  in  about  3}  minutes,  which  would  give 
17  round  trips  per  hour,  or  34  trips  per  hour  m  each  direction  by  the  two 
cagea.  A  60  ft-cage  would  cany  two  atreetHsars,  eight  auto-veldcles,  and 
300  pedestriana,  making  68  ears,  272  auto-vdiidea,  and  10,200  pedestrians 
per  hour  in  each  direction.  Allowing  for  interruptions  from  navigation, 
which  would  not  be  serious,  because  of  the  great  clearance  beneath  the 
cages  that  would  permit  a  large  proportion  of  passing  craft  to  go  by  with- 
out stopping  operation,  it  would  be  legitimate  to  count  upon  a  maximura 
limit  of  60  street-cars,  240  automobiles,  and  9,(XX)  pedestrians  per  hour  in 
each  direct  ion.  Deducting;  liberally  for  service  to  outlying  towns,  the 
remaining  (;apacity  would  be  great  enough  to  provide  for  a  population  of 
at  least  75,000  |x;rsons,  or  15,000  per  square  mile,  which  is  fairly  dense  for 
a  residnnce  district. 

Fig.  32(7  shows  in  skeleton  outline  the  elevation  of  this  translxjnieur 
span  with  a  short  portion  of  each  of  the  adjacent  approaches,  also  a  rrf>-s- 
section  of  the  structure  at  mid-span.  From  this  drawing  it  will  he  Si-t  n 
that,  in  reality,  there  are  two  distinct,  parallel,  cantilever  bridges  located 
a  .short  distance  apart  and  c()nnect(Hl  to  each  other  l)y  cross-girders  and 
bracing,  leaving  ample  space  Ix'tween  for  the  safe  [passage  of  the  two  cages: 
that  tlie  latter  pass  shoreward  Ix'yond  each  main  pier  a  distance  equal  to 
one  panel-length  of  the  anchor  arm,  connecting  to  an  approach  deck  that 
is  suspendo  1  fro  n  the  otiier  two  panel  jioints  of  the  said  anchor  arm;  that 
all  the  panels  of  the  entire  structure  are  of  etjual  length,  there  being  three 
of  the  n  in  each  anchor  arm,  five  in  each  cantilever  arm,  and  six  in  the  sua- 
pended  span;  and  that  the  outlines  of  a!1  duirds  are  parabolic  curves. 
Each  main  pier  eonabts  of  four  pneumatic  cylinders  sunk  to  bed  rock,  eadi 
(^linder  being  surmounted  by  a  tnmcated  concrete  cone,  and  the  three 
spaces  between  the  four  cones  being  filled  with  thin,  reinforoed-ooncrete 
walls.  Each  anchor-pier  shaft  conaiflts  of  a  maaa  of  concrete  supported 
upon  a  concrete  base  that  rests  on  piles.  Hie  author  bdievea  tbat  the 
bold,  curved  outlines  of  the  trusses.  In  spite  of  the  horiaontal  Une  of  girdeiv 
between  the  twin  apana,  would  make  an  sesthetio  atnictiire  that  would  be 
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ill  keeping  with  the  coiiiiuHnding  position  which  it  would  occupy  at  the 
entrance  to  ono  of  the  most  beiiutiful  harbors  in  the  world. 

The  other  Ciise,  as  indicated  at  the  beginning;  of  this  chapter,  is  that  of  a 
proposed  suspension  l)ri(lKe,  having  a  single  s])an  of  1,750  feet  which 
clears  the  entire  width  of  river  betwiK'n  the  established  harbor  lines,  to 
join  the  cities  of  Philailelphia  and  Camden. 

Quite  lately  the  author  was  struck  with  the  idea  that  a  tninsbordcur 
might  serve  all  the  traffic  at  the  crossing  and  save  considerable  money 
as  compared  with  a  l)ridge,  consecjuently  he  had  his  office  prepare  a  layout, 
using;  a  three-<leck  cage  to  carrj-  strwt-cars,  automobiles,  and  pedestrians; 
but  a  short  preliminar>'  economic  study  showed  that  the  expense  involved 
would  be  too  great,  consequently  he  prepared  a  two-deck  layout  that  does 
not  carry  street-cars.    These  would  run  around  a  loop  on  each  approach 
and  would  discharge  and  take  on  passengers  close  to  the  loading  places  of 
the  cages.   An  estimate  of  cost  was  made  for  this  layout  based  on  the  then- 
ruling  prices  of  materials  and  labor,  the  grand  total,  excluding  right-of-way, 
property  damages,  and  interest  during  construction,  amounting  to  $12,- 
000,000.   Then  a  layout  was  made  for  a  bridge  and  its  approaches,  and  a 
sinular  estimate  of  cost  was  prepared,  amoimting  to  $13,400,000. 

As  these  two  amounts  differ  so  little,  it  was  at  once  concluded  that  for 
this  crossing  there  would  be  no  real  economy  in  adopting  a  transbordeur. 
The  ratio  of  the  said  amounts  is  about  0.9,  while  the  corresponding  ratio 
for  the  New  Orleans  study  was  only  0.58. 

From  these  figures  it  may  be  concluded  that  a  long-spannsuspension 
layout  does  not  accommodate  itself  to  the  carrying  of  transbordeur  cages 
as  economically  as  does  a  layout  of  several  shorter  continuous  spans. 
The  explanation  of  this  fact  is  that  the  piers  for  the  two  cases  are  about 
alike,  that  the  approaches  of  the  transbordeur  are  nearly  but  not  quite  as 
expensive  as  those  of  the  bridge,  and  that  while  there  is  a  large  saving  in 
the  combined  costs  of  superstructure  and  anchorages,  it  is  laigely  offset 
by  the  cost  of  the  cages,  travelers,  and  pockets.  In  the  New  Orleans 
investigation  the  substructure  of  the  transbordeur  would  cost  but  little 
more  than  one-half  of  that  for  the  corresponding  bridge,  and  the  cost  of 
the  approaches  to  the  former  is  a  bagatelle  when  compared  with  that  of 
those  to  the  latter;  but  the  total  steelwork  for  the  river  spans,  towers, . 
bents,  cages,  travdm,  and  pockets  of  the  transbordeur  exceeds  in  value 
that  of  the  river  spans  of  the  bridge. 

Conclusion  and  Kecapitulation 

The  title  of  this  chapter  indicate.s  that  it  is  intendetl  to  show  both  the 
pos^sibiHties  and  the  economics  of  what  in  slang  parlance  might  he  termed 
the  "glorified"  transl)ordeur,  i.e.,  the  existing  ty|M'  of  trans|K)rter  bridge 
expanded  and  enlarged  many  fold  so  as  to  accofumodate  it  to  wide  rivers, 
high  carrying  capacity,  and  rapid  transit.   Some  of  its  possibilities  have 
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been  ahown,  but  proibaMy  not  all  of  them;  and  as  lor  the  eoonomieB^  H 
has  been  pvoved  to  cost  lees,  even  in  extreme  eaaes,  than  a  very-high4ev«i 
structure,  and  about  the  same  as  a  k>w4evel  strueture;  but  that,  strictly 
speaking,  it  cannot  be  said  to  be  in  economic  competition  with  either 
type;  because  when  the  conditions  really  call  for  the  consideration  of  a 
transbordeur,  a  very-high-level  bridge  would  generally  necessitate  too 
great  a  climb  for  the  traffic,  and  a  low-lrvol  bridge  would  be  barred  l:>ecause 
of  its  interforiiij;  too  much  w^ith  tho  paramount  interest  of  navigation. 
.The  Philadclphia-Camden  case  is  apparently  an  exception  to  this  rule, 
but  it  nni8t  l)e  remembered  that  its  vertical  clearance  is  only  135  feet, 
while  thai  for  the  propos<^<l  crossing  at  New  Orleans  is  175  feet,  and  that 
the  extra  forty  feet  of  height  make  a  great  difference  in  the  costs  of  the 
approaches. 
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CHAPTER  XXXm 

SCONOMICB  IN  GONTRACT-LBTTINQ 

At  first  thoui^t  one  might  be  inclined  to  claim  that  oontradrletting  is 
not  a  matter  of  eoonomics,  but  a  little  reflection  will  aoon  convince  him 
that  it  certainly  is,  because  if  contracts  be  badly  drawn,  or  if  the  moduB 
operandi  of  compensating  the  contractor  and  his  workmen  be  faulty,  the 
work  of  construction  will  assuredly  cost  more  than  it  would  under  ideaUy 
perfect  conditions.  During  the  last  few  months  the  author  has  been 
writing  a  series  of  papers  on  contract4etting  and  profit-sharing,  culminating 
in  a  lengthy  discussion  of  a  paper  by  Mr.  Ernest  Wilder  Clarke,  published 
in  the  August,  1919,  Proceedings  of  the  American  Society  of  Civfl  Engineers, 
the  said  discussion  appearing  in  the  OctobeivNovember-December  Pnh 
eeedings. 

As  this  discussion  is  in  reaHty  a  complete  treatment  of  the  subject,  and 
was  intended  as  such  (althoufj:li  for  ^^ood  and  sufhcieiit  reasons  presented 
as  an  adjunct  to  another  paper  instead  of  being  offered  a^  a  separate 
memoir),  it  is  here  reproduced  practically  verbatim. 

The  importance  of  the  subject  of  this  paper,  to  owners,  contractors,  and 
the  entire  American  nation,  cannot  well  be  exaggerated;  for,  until  there  is 
reached  a  satisfactory  compromise  between  owners  on  the  one  hand  and 
contractors  on  the  other  concerning  the  vital  questions  of  contract-letting 
and  profit-sharing,  the  business  of  the  country  will  fail  to  recuperate  to 
the  extent  that  it  should  at  this  critical  jx^riod  in  the  readjustment  of  all 
constructional  activities — which  activities  were  so  fundamentally  upset 
throughout  the  whole  world  more  than  five  years  ago  b}-  tlie  advent  of  the 
World  War.  The  opportunity  now  within  eiisy  reach  of  the  American 
people  to  s<:'curo  the  l)ulk  of  the  world's  trade  is  uiii(iue;  but,  apparently, 
our  leadei-s  in  diplomacy,  manufacture,  shipping,  business,  and  finance 
are  either  unaware  ot  its  existence  or  indifferent  about  taking  advantage 
of  their  good  fortune.  The  Latin- American  nations  are  now  knocking 
at  our  door  asking  to  do  business  with  us  and  begging  us  to  lend  them 
money  for  the  development  of  their  as-yet-almost-viigm  lands,  mines,  and 
water  powers,  and  their  other  more  or  less  embiyonic  resources;  and  the 
leading  peoples  of  Asia,  Africa,  Australasia,  and  even  Europe  are  to-day 
much  more  willing  t^  ent-er  into  business  relations  with  this  country  than 
they  have  ever  been  before.  They  all  recognize  that,  for  the  present  at 
least,  the  European  countries  are  in  no  condition  to  lend  money,  being 
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themselTeB  borrowers  and  having  bo  many  demands  at  home  for  their 
time,  attention,  and  capital  that  th^  are  unaUe  to  give  ooneidmtNm  to 
the  needs  of  any  nation  but  their  own;  and  the  entire  dvilised  world  is 
well  aware  of  the  fact  that,  in  spite  of  our  vast  war  debt^  wears  today  the 
most  wealthy  of  all  peoples. 

These  conditions — ^unfortunately,  as  far  as  we  are  conoenied — win 
not  last  indefinitely;  and  if  we  are  so  short^ghted  as  to  nsi^t  to  setae 
the  golden  opportunity  which  is  not  only  easify  within  our  readi»  but  niiidi 
is  actually  being  tendered  to  us  and  almost  fofoed  on  our  aooeptanee,  it  wiB 
not  be  long  before  both  England  and  Germany  will  re-eecure  the  grip  on 
the  world's  trade  which  they  .possessed  in  ante-beUum  days. 

Prevention  of  Progress.  One  of  the  greatest  stumbling  blocks  in  the 
pathway  of  our  nation's  atlvancemont  is  the  conflict  between  labor  and 
capital;  and  until  it  is  removed  the  wheels  of  progress  will  be  clogged,  and 
the  prestMit  paralyzation  of  all  great  peatc  industries  will  continue  to  exist — 
possibly  in  even  worse  fomi  tlian  it  does  today.  Again,  the  main  issues 
between  lal)or  and  capital  are  thes(^  (juestions  of  contract-letting  and  profit- 
sharinR.  If  they  were  once  settled  to  tlie  satisfaction  of  all  concerned — 
bankers,  manufactur(M-s,  contractors,  and  workmen — all  other  minor  dif- 
ferences would  quickly  he  adjusted.  Such  a  si'tt lenient  is  perfectly 
feasil)le;  an{l  the  possihility  of  it^?  speedy  accomplishment  is  neither  a 
Utopian  conception  nor  an  idle  dream. 

Primarily,  the  men  who  do  the  work  nuist  have  a  substantial  share 
in  all  net  profits  of  manufacture  and  construction;  but  the  way  for  thorn 
to  obtain  it  is  not  by  the  organization  of  strikes  nor  by  seizing  the  plant 
and  running  the  business  of  the  manufacturer  or  the  contractor.  The 
uneducated  workman  is  no  more  tit  to  manage  business  and  to  handle 
industr^-^  than  the  stxlentarj^  office  man  is  to  undertake  tlie  ))liysical  lalK)r 
of  the  workman — in  fact,  nmch  less  so;  because  it  would  generally  be 
totally  impracticable  to  educate  the  illiterate  workman  up  to  a  state  of 
efl&ciency  which  would  enable  him  to  undertake  business  management 
and  finance,  while,  in  most  cases,  in  a  comparatively  short  time,  the  office 
man's  muscles  could  be  developed  suthciently  to  enable  him  to  wlure  the 
physical  stress  of  the  workman's  job.  Nothing  of  value  can  be  aooom- 
plished  by  mob  rule,  as  the  pending  subsidence  of  the  present  wave  ol 
Bolshevism  will  soon  prove. 

Labor  and  Capital.  Although  it  is  certainly  true  that  the  laborer 
eaimot  succeed  independently  of  the  business  man,  it  is  equally  true  that 
the  latter  cannot  accomplish  much  without  the  aid  of  the  capitalist,  hence 
it  behooves  business  men  and  financiers  to  ^ome  quickly  to  a  friendly  under- 
standing and  agreement.  In  tunes  past,  the  ci^italist  secured  and  emv 
dsed  a  strangle  hold  on  the  promoter,  the  manufacturer,  and  the  oon- 
tractor,  often  forcing  them  to  turn  over  the  lion's  duue  of  their  profits 
as  compensation  for  the  use  of  mon^  in  the  development  of  their  under- 
takings; and  these  men  m  their  turn  endeavored  to  even  up  mattos  fay 
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getting  their  pound  of  flesh  out  of  the  workman  by  compelling  him  to 
labor  lung  hours  for  meager  compensation.  Toilay,  the  laboring  man  is 
beginning  U)  come  into  his  own;  but  if  he  unwisi>ly  takes  too  great  advan- 
tiige  of  his  growing;  power,  he  will  "kill  the  goose  that  lays  the  golden  eggs," 
and  this  will  ruin  his  chance  of  securing  comfort  and  happiness  for  himself 
and  his  family. 

The  first  step  recjuisite  for  quieting  the  existing  widely  spread  popular 
unrest  and  returning  to  nonnally  prosperous  conditions  is  to  bring  together, 
so  that  they  may  oix?rate  in  harmony,  the  financier,  tlie  employer,  and  the 
laborer;  and  this  must  be  accomplished  primarily  by  establishing  some 
method  of  contract-letting  and  profit-sharing  which  will  be  just  and 
equitable  to  all  parties  interested.  For  some  time,  the  author  has  been 
endeavoring  to  formulate  and  develop,  through  commimications  to  the 
iixyhnift^  presB,  an  ideal  method  of  accomplishing  this  desideratum;  and 
later  herein  he  will  indicate  clearly  of  what  it  oooHsts.  First,  however,  he 
will  difloun  in  detail  not  only  the  suggertkniB  offered  by  Mr.  Clarke  in  his 
timely  paper,  but  also  those  of  various  engineers  and  pditical  eoonomists 
who  have  of  late  been  treating  the  matter  in  print. 

Varioui  Methods  of  CimtraOrlMnQ*  The  common  ways  of  oontiact- 
l^ting  are  the  foUowing: 

A.  Lump  sum  for  complete  construction. 

B.  Schedule  rates  lor  aU  materials  in  plaoe^ 

C  Actual  coat  plua  a  percentage^  with  some  land  of  aUowance  for 
oveihead  expenses. 

D.  Actual  coat  of  labor  and  materials  phis  a  percentage,  with  no 
allowance  for  overhead  expenses. 

R  Actual  cost  plua  a  hmip  sum,  with  some  kind  of  allowance  frar  over- 
head expenses. 

F.  Actual  cost  of  labor  and  materials  idus  a  lump  sum,  with  no  aUow- 
ance for  overiiead  expenses* 

G.  Actual  cost  plus  a  profit  based  on  small  unit  prices  agreed  upon  in 
the  contract,  as  adyocated  of  late  by  Mr.  G.  H.  Hailey. 

H.  Various  methods  of  profit  sharing  between  the  client  and  the 
contractor. 

Method  A  generally  appeals  best  of  all  to  the  client,  because  it  fixes  in 
advance  iriiat  the  construction  is  going  to  cost  him,  unless,  perdiance, 
there  are  important  variations  in  the  estimated  total  quantities  of  materials, 

due  to  lack  of  sufficient  preliminary  information  or  to  the  encountering  of 

conditions  that  could  not  well  have  been  foreseen.  It  is  by  no  means  as 
satisfactory  to  the  contractor,  however,  who  has  to  run  the  risk  of  being 
actually  out  of  pocket  on  the  job,  in  addition  to  the  loss  of  personal  time 
and  effort. 

Method  B  is  quite  an  improvement  on  Method  A,  in  that  the  contractor 
does  not  have  to  guarantee  the  correctness  of  the  estimated  quantities  of 
materials;  but  tlie  prime  objection  to  Method  A  holds  good  for  Method  B, 
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as  the  latter  does  not  provent  the  oontraotor  from  losing  money  heavily 
on  the  venture. 

In  the  days  of  hard  tiinesi  when  ccmtraciora  are  willing  to  take  woik 
at  kw  figures,  and  even  hebw  cost,  in  order  to  keep  their  force  toeeftfaer, 
the  public,  in  general,  espeaaSfy  as  represented  by  companies  and  mumci- 
pafities,  is  prone  to  take  advantage  ol  them  by  insisting  that  woik  be  let 
by  the  lump  sum,  and  by  throwing  on  the  unfortunate  "successful  bidder'' 
not  only  the  risk  of  loss  from  rising  prices  of  materials  and  labor  and  frooi 
unforeseen  contingencies,  but,  also,  in  many  cases,  from  excess  of  quaa- 
titles  above  those  given  in  the  specifications.  TUs  is  accomplished  fay 
inserting  in  the  ktter  a  most  uigust  clause  compelling  each  bidvter  to  im 
for  himself  both  the  quantities  stated  and  the  chaiaeter  of  the  oonditioiiB 
described.  The  bidders,  hungry  for  woric,  accept  tills  dauae  wttiiout 
comment,  but  with  the  mental  resewatian  that,  in  ease  of  hard  hick,  they 
will,  by  some  means  oar  other,  obtain  extra  compenaation,  even  if  they 
have  to  cany  the  controversy  into  the  Ck>urt8. 

In  nineteen  cases  out  of  twenty,  it  is  unjust  to  bidders  to  ask  them  to 
name  a  luiup-suin  compensation  for  doing  work,  unless  provision  is  made 
for  a  variation  in  the  quantities  of  materials  on  which  they  tender.  If 
provision  is  arranged  for  such  variation,  the  method  of  lettinf?  is  no  lonper 
that  of  the  'lump  sum,"  but  reduces  to  a  modification  of  tliat  of  "unit 
prices." 

As  before  indicaUHl,  the  latter  metliod  is  certainly  the  more  logical, 
and  yet  it  is  far  from  being  entirely  fair  to  the  contraetor;  Ix'cause,  although 
it  provider  against  loss  through  excess  above  the  eHliinated  quantities  of 
materials,  it  leaves  him  open  t-o  the  possibility  of  still  greater  loss  through 
changing  prices,  onerous  unanticipated  conihtions,  jind  disastrous  hap- 
penings beyon  i  ills  control.  Up  to  a  certain  point,  the  client  is  the  proper 
party  to  aasume  the  principal  risks  inherent  to  the  work,  provided  that  the 
adverse  happenings  are  mdly  unavoidable  by  the  contractor,  and  that 
the  latter  takes  every  rc^isonaljle  pret-aution  against  disiister  or  loss.  And 
yet  the  contraetor  sliould  not  be  altogether  reli<'ved  from  the  possibility 
of  loss  due  to  hanl  luck,  lM'cau.se  such  misfortune  is  often  caused  by  his 
dilatoriness,  which  carries  the  work  into  an  unfavorable  sciison  for  field 
operations.  The  idi^a,  proiiuilgated  of  late  by  certain  writers,  that  it  is 
unjust  ever  to  penalizt?  a  contraetor,  is  wrong;  because  he,  like  everybody 
else  in  this  world,  should  l)ear  the  burden  resulting  from  his  own  careless- 
ne^>i.  negligence,  or  incom  pet  (Mice.  The  owner  surely  has  some  rights — 
and  this  is  one  of  them.  A  Hbcral  limit  of  total  cost  which  can  be  increased 
or  reduced  profxjrly,  in  order  to  provide  for  an  increase  oi-  (hvrease  in  the 
estimated  total  quantities  of  materials,  will  prevent  the  owner  from  being 
excessively  overcharged,  and  still  will  give  the  contractor  every  oppor- 
tunity to  come  out  whole  in  any  case  except  that  of  ext  raordinary  hard  luck. 

Method  C  is  wholly  objectionable  to  the  client,  in  that  it  places  him 
entirely  at  the  mercy  of  the  contractor  and  his  men.  The  allowano 
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for  overhead  may  Ik^  either  an  assumed  {XTcentage,  or  the  actually  com- 
puted amount  in  complete  detail,  the  fomier  being  generally  the  less  objec- 
tionable. Even  if  the  eontraetor  is  perfectly  honest  and  has  the  best  will 
in  the  world  to  keej)  down  the  cost  for  the  Iwuefit  of  the  client,  his  employees 
will  not  have  that  desire.  In  effect,  they  say  to  themselves  and  to  each 
other,  "What  is  the  use  in  my  exerting  myself  unduly?  The  more  the 
work  costs,  the  more  money  tlie  '  old  man '  makes."  The  author  knows  this 
to  be  the  case,  for  some  years  ago  lie  had  to  let  a  large  contract  for  foreign 
work  at  cost  plus  a  ]>ercentage;  and  although  the  contractora  themselves 
tried  to  do  the  honest  thing  at  all  times,  their  men  "loafed"  to  such  an 
extent  that  the  final  cost  of  the  construction  was  atrociously  high;  and  he 
had  occiisionally,  on  his  own  responsibility,  to  discharge  some  of  the  con- 
tractor's employees,  including  once  the  field  superintendent.  This  method 
of  letting  work  involves  asking  too  much  of  frail  human  nature. 

Method  D  involves  less  labor  in  cost-keeping  than  Method  C;  but^ 
otherwis<\  it  is  open  to  the  same  general  objection. 

Method  E  is  almost  as  unsatisfactory  to  the  client  as  Methods  C  and  D, 
except  that  the  contractor's  reward  for  his  own  iniquity  is  a  fixed  quaotiiy 
and  not  in  direct  proportion  to  the  extent  of  that  iniquity. 

Method  F  involves  a  slight  improvement  on  Method  E,  but  only  to  the 
extent  of  a  little  simplification  in  bookkeeping  and  perhaps  a  reduced 
opportunity  for  "aqueenng"  the  client. 

The  author  readily  acknowl(>dges  that  during  war  timeB,  when  the  trend 
of  the  market  for  both  mat<'rials  and  labor  was  rapidly  upwaidi  no  eon- 
tractor  could  have  afforded  to  take  work  either  for  a  lump  mm  or  by  unit 
prices.  Unfortunately,  in  order  to  bring  the  war  to  a  successful  conclusion, 
a  vast  amount  of  public  work  had  to  be  done  with  the  utmost  despatch, 
irrespective  of  what  the  cost  might  be;  hence  the  Government  had  no  choice 
at  all  in  the  matter,  and,  consequently,  it  let  many  millions  of  dollars, 
worth  of  contracts  at  "  cost  plus  a  percentage"  or  ''cost  plus  a  lump  sum." 
If  the  true  history  of  all  such  contracts  was  ever  written  and  made  public, 
the  nation  would  stand  aghast  at  the  extravagance  they  involved;  and 
those  two  methods  of  contract-letting  would  receive  the  umversal  condem- 
nation of  all  intelligent,  disinterested  persons. 

As  was  stated  in  the  oral  discussion  of  Mr.  Clarke's  paper,  when  a 
contractor  has  simultaneously  two  or  more  contracts,  one  of  whidi  is  on 
the  "cost  plus"  basis  and  the  other  or  otheis  on  either  the  "lump-sum" 
or  the  "unit-price"  basis,  he  will  naturally  put  his  best  and  most  ener- 
getic men  on  the  latter,  and  will  shift  the  lai^  and  incompetent  ones  to 
the  foimer.  This  practice  has  became  so  weD  establidied  by  custom  that 
the  "cost  phis"  contiacts  have  been  dubbed  "hospitol  jobs";  and  it 
i^ipears  that  the  nickname  has  stuck. 

Is  it  not  •obvious  that  anyone  who  lets  a  contract  on  the  ^cost  phis" 
baas  plaoes  hfansdf  absohitdy  at  the  mercy  of  the  contractor  and  the 
contractor's  employees?  It  is  true  that  the  specifications  often  contam 
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rest ri^'t ions  wliich  tnui  to  lesson  the  contractor's  power  to  take  advantage 
of  the  client ;  but  their  enfurcenient  would  he  very  troublcsunic,  and  would 
generally  involve  litigation  with  its  attendant  delay  and  expense. 

M<tst  j)('ople  will  ncknowled^'e  that  the  |)ercentage  of  truly  conscientious 
contractors  is  not  overwhelmingly  large,  hut  how  nuich  smaller  is  that  of 
truly  conscientious  workmen!  The  author  does  not  deny  that  there  are 
workmen  who  always  give  a  quid  pro  quo  and  who  are  upright  and  honor- 
able in  all  their  tlealings;  but,  ahu<,  they  are  siidly  in  the  minority.  Their 
number  is  so  small  that  they  are  unable  to  induce  their  co-laUjrers  to  exert 
themselvi's  any  mon>  than  t  hey  are  compelled  to,  unless  they  are  paid  by  the 
job  instead  of  by  the  day  or  hour. 

By  the  way,  when  it  is  j)racticable,  such  a  scheme  of  paying  the  w<irk- 
men  is  an  improvement  on  that  of  time  compensation,  because  it  provides 
a  great  incentive  to  effort ;  but,  at  the  same  time,  it  also  serves  ii.s  a  strong 
temptation  to  scamp  the  work.  With  close  su|XTvision,  however,  and  a 
strict  enforcement  of  the  clause  in  the  sjxMMfications  relating  to  the  taking 
out  and  replacing  of  delcetively  built  work,  the  employees  soon  learn, 
through  the  fines  and  penalties  enforced  by  the  contractor,  that  scamping 
does  not  pay,  aiul  that  th(^  old  adage  of  honesty  In^ng  the  best  policy  is 
just  as  applicable  now  as  it  was  when  first  eminciated. 

Method  G  involves  only  a  ver>'  slight  modification  of  that  of  "cost 
plus  a  lump  sum,"  the  said  lump  sum  IwMng  replaced  by  another  sum 
obtained  by  adding  together  the  products  of  the  actual  quantities  of  all  the 
materials  by  certain  small  unit  prices  agreed  on  in  the  contract.  Although 
the  author  concedes  that  this  method  is  undoubtedly  the  best  of  all  the 
straight "  cost-plus "  methods,  it  possesses  all  the  serious  objectioDs  inherent 
thereto. 

In  addition  to  those  previously  indicated,  then*  might  be  mentioned  the 
fact  that  any  straight  "cost-plus"  basis  efifectively  cuts  out  competition, 
and  advantages  a  favored  few  of  the  larger  and  more  experienced  con- 
tractors, rendering  it  difficult  for  the  smaller  and  less  experienced  ones  to 
secure  any  work,  except  through  some  other  method  of  letting.  It  ought  to 
hi^  evident  to  anyone  possessed  of  ordinary  vision  that  such  a  method  will 
militate  toward  cutting  the  "small  fry"  contractoro  out  of  bidding;  for 
when  an  owner  is  willing  to  let  a  piece  of  work  on  any  straight  "cost-plus" 
basis,  he  naturally  will  want  to  award  it  to  a  large  contractor  of  means, 
who  has  an  established  reputation  for  fairness  and  efficiency.  That  would 
practical^  mean  letting  all  contract  work  without  competition,  and 
American  contractors,  as  a  body,  would  object  serioudy  to  any  such 
piooedure.  It  is  true  that  the  owner  might  call  for  competitive  bids  on  the 
basis  of  having  each  bidder  name  a  lump-sum  as  a  fixed  net  fee,  and  award- 
ing the  contract  to  the  competitor  who  quotes  the  lowest  figure;  but  the 
adoption  of  such  a  method  would  often  result  in  serious  trouble,-dday,  and 
expense,  and  would  not  ensure  that  the  work  would  go  to  the  most 
desbable  bidder. 
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Under  the  hcatling  //,  a  numlicr  of  profit-sharing  methods  have  been 
tried  and  have  proved  to  be  moie  or  less  sat  isfactory.  All  of  them  neces- 
sarily ]>resiip|)osc  a  careful  account inj:;  of  cost  from  start  to  finish.  Unless 
the  contract  between  the  two  parties  clearly  indicates  how  ever\'  main  . 
detail  of  cost  is  to  Ijc  computed,  tliere  will  be  trouble  before  the  work  is 
finished.  For  instance,  in  respect  to  plant — does  the  contractor  furnish 
it  free  of  charge,  or  docs  he  reccivi'  rental  for  it,  with  the  rental  charged  as 
one  of  the  items  of  cost  of  the  work?  How  about  paying  for  repairs  and 
renewals  t<y  plant?  Who  stands  the  expense  of  these  items — docs  the  con- 
tractor, or  is  it  charged  as  an  item  of  cost  of  doing  the  work?  Again,  if 
extra  work  is  done  under  the  contract,  how  is  it  to  be  counted  when  niRking 
the  final  settlement? 

It  requires  the  service  of  an  expert  consulting  cngiiiocr  or  that  of  an 
experienced  contractor  to  draft  a  contract  and  spicifications  which  will 
provide,  in  a  manner  satisfactory  to  both  ])arties,  for  all  possible  contingen- 
cies. With  sucli  papers,  however,  and  with  a  close  system  of  cost-account- 
ing, this  general  method  of  profit-sharing  is  the  most  satisfactory  scheme 
for  contract-letting  which  can  be  evt)lved. 

None  of  the  modified  methods  of  the  "cost-phis"  system,  involving 
some  means  or  otlier  of  profit-sharing,  which  have  yet  been  tried  in  practice, 
can  be  siiid  to  l)e  entir(4y  satisfactor>'  to  the  owner,  tiiough  possil)ly  so  to 
the  contractor,  in  that  they  all  fail  to  put  a  limit  on  the  total  cost  of  the 
construction  or  to  penahze  a  contractor  who,  through  either  wilfulness  or 
carelessness,  allows  the  cost  of  construction  to  pass  the  bounds  of  reason. 
It  does  not  suffice  to  stipulate  in  the  contract  that,  when  the  total  cost  passes 
a  oertain  amount,  the  allowance  for  profit  is  gradually  to  be  reduced  until  a 
certain  minimum  limit,  however  amall  it  may  be,  is  reached.  The  setting  of 
that  limit  leaves  the  contractor  in  a  position  to  take  life  easily  and  to  avoid 
petBCXial  worry  after  his  hard  luck  has  :ittained  to  a  certain  magnitude; 
for,  subsequently  to  that,  he  will  lose  nothing  but  his  time  and  the  possible 
use  of  his  plant  on  some  remunerative  contract,  while  the  owner  will  have 
to  pay  whatever  additional  amount  the  job  may  cost.  On  this  point  the 
writer  knows  whereof  ha  speaks;  because  one  of  the  war-time  contracts 
eogmeered  by  his  firm  was,  of  necessity,  let  on  that  basts*  and  the  results 
thereof  are  sii&ply  sickeningi  The  client  was  left  at  the  men^  of  the  con- 
traetor,  and  the  totil  cost  proved  to  be  excessive. 

From  the  preceding  it  is  evident  that  the  ''cost-plus,''  the  "lump  sum," 
and  the  "unit-price"  methods  of  letting  contracts  are  not  only  faulty,  but 
also  unjust  to  one  or  other  of  the  two  parties  to  the  agreement;  omifle- 
quently,  the  question  arises:  "Is  there  not  soma  method  which  will  be 
just  and  fair  to  both?  That  question,  the  writer  claims,  can  truly  be 
answered  in  the  affirmative;  but  before  proceeding  to  explain  sueh  a  method 
ill  complete  detail  there  will  be  presented  a^rtatement  ci  the  main  require- 
ments of  an  ideal  qrstem. 

SaUent  Features  rf  an  Ideal  Syelem  cf  Ccnbrad-'Letting  and  ProJUShap- 
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ing.  Tbe  ewentid  reqainmflnts  of  an  ktoal  type  of  oontnct  are  as  fol- 
lonro: 

Ilnfc.  It  mart  provkle  a  meaiiB  of  dialing  with  tbe  norimiaa  on  an 

eqmtable  baaiB  the  total  net  profit  on  tbe  job. 
Second.   It  must  set  Bome  load  of  a  limit  to  the  total  ooet  of  the  work, 
80  as  to  prevent  a  careless,  incompetent,  or  conscienceless  contractor 
from  running  up  the  ejqpense  to  an  outrageously  great  amount, 
niird.    It  must  reduce  to  a  minimum  the  chance  of  the  contractor's 
being  out  of  pocket  on  the  completion  of  the  work,  unless  such  con- 
dition is  dut'  to  his  own  carelessness  or  lack  of  push. 
Fourth.    It  must  retain  all  the  advuntu^os  of  competitive  l)i(l(lin^,  so 
as  to  give  every  capable  and  wortliy  contractor  who  is  desirous  of 
figuring  on  the  work  an  even  chance  of  securing  the  contract. 
Fifth.    It  must  provide  an  incentive  for  the  contractor  and  all  his 
assistants  and  workmen  to  use  ever>^  legitimate  effort  to  make 
the  work  as  inexpensive  as  possible,  without  violating  in  any 
manner  the  requirements  of  the  specifications. 
Sixth.    It  must  provide  a  just  and  e(]uitable  biisia  of  ])aynient  for  a 
possible  increrist*  in  tlie  estimate  of  total  quantities  and  for  atijusting 
satisfactorily  to  all  concerned  the  reduction  of  payment  due  to  a 
possihU^  diminution  thereof. 
Seventh.    It  must  ensure  that  the  owner  will  he  acting  for  his  own  best 
interests  by  aiding  the  contractor  in  every  possible^  way  to  com- 
plete his  work  quickly  and  inexpensively,  provided,  of  course,  that 
it  is  done  in  such  a  manner  as  to  guarantee  the  attainment  of  the 
owner's  ultimate  purpose,  as  expressed  in  the  specifications. 
Eighth.    Its  provisions  must  be  such  as  to  keep  constantly  in  gfXid 

humor  every  f)ne  connected  with  the  construction. 
Ninth.    Its  methml  of  final  settlement  of  accounts  must  be  clear,  simple, 
pnd  easy  of  application;  and  the  keeping  of  them  during  the  prep- 
ress of  the  work  must  be  no  more  complicated  or  expensive  than  it 
would  be  in  the  case  of  any  ordinary  "cost-plus"  contract. 
Dueription  of  the  Ideal  Method,    Let  the  specifications,  which  ahould 
invariably  be  drafted  by  an  engineer  who  is  acknowledged  to  be  an  expert 
in  tlie  daas  of  work  covered  in  the  proposed  contract,  be  complete  and 
thorough  in  every  detail,  recording  all  that  is  known  concerning  the  govern- 
ing  conditions;  pointing  out  all  features  about  which  there  is  any  uncer- 
tainty; tabulating  as  accurately  as  possible  the  estimated  quantities  of  all 
the  materials  that  will  probably  enter  the  construction;  providing  a  justly- 
drawn  clause  for  unclassified  work  and  the  pajrment  therefor;  calling  for 
each  bidder  to  submit  in  fuU  detail  his  estimate  of  actual  ooet  of  doing  the 
woik  hy  applying  to  all  quantitieB  of  materials  given  in  the  specificatioiiay 
unit-cost  prices  (termed  Schedule  A),  each  price  containing  a  pioportkmate 
share  of  any  contingency  aUowanoe  that  may  have  been  made,  totaling  the 
products  so  as  to  form  "Sum  A/'  and  adding  thereto  the  amount  of  {irofit 
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which  ho  has  decided  to  ask,  thus  making  "Sum  B."  This  last  amount 
will,  in  reality,  reprei^eiit  the  bidder's  tender;  but  to  it  there  will  be  added 
a  profit  for  the  owner,  exactly  equal  to  that  asked  for  by  the  successful 
bidder,  and  another  j)rofit  or  bonus  for  the  employees,  amounting  to  a 
previously  fixed  jKM  centage  (say,  20  or  25)  of  the  sum  of  the  aforesaid  prof- 
its of  the  contriictor  and  the  owner,  thus  makinj^  "Sum  C."  This  last  sum 
Ls  the  temporary  limit  of  total  expenditure  on  the  part  of  the  owner,  pred- 
icated u]K)n  the  assumption  that  the  approximate^  quantities  of  materials 
given  in  the  specifications  are  correct;  and  it  is  on  the  basis  of  these  "Sums 
C"  that  l)ids  will  be  compared  and  the  award  of  the  contract  made.  The 
ratio  r  of  "Sum  C"  to  "Sum  A"  is  to  be  applied  to  each  of  the  unit  prices 
used  in  the  preparation  of  the  cost  estimate,  in  order  to  obtain  the  list  of 
unit  prices  (tenned  "Schedule  B")  to  apply  temporarily  to  the  actual 
quantities  of  materials  in  the  completed  oonstruction,  when  ^""^^'"g  the 
final  adjustment  of  accounts. 

I£  there  are  any  items  of  expense  of  construction  not  covered  by  the  list 
given  in  the  specifications,  Hnd  clause  of  the  latter  relating  to  "Unclassified 
Work"  will  take  care  of  them.  That  clause  should  stipulate  that,  for  all 
Buch  unlisted  items,  the  actual  coet  of  labor  and  materials  therefor,  without 
any  allowance  for  superintendence  or  overhead,  is  to  be  recorded;  and  to  it 
is  to  be  added  later  30%  of  its  amount  to  allow  for  superintendence,  over- 
head, and  the  various  profits.  This  sum  is  to  be  added  to  the  total  value  of 
the  actual  quantities  of  all  the  materials  listed  in  the  q)ecifications  figured 
at  the  proportionately  increased  unit  prices  as  given  in  "Schedule  B"; 
and  the  result,  "  Sum  D  (with  a  single  modification  explained  hereinafter), 
will  be  the  final  limiting  coet  to  the  owner  and  the  baab  for  computing  the 
net  profits  to  be  divided  between  the  contractor,  the  owner,  and  the  woik- 

The  specifications,  of  course,  will  contain  a  clause  providing  a  surety 
company  bond  for  the  faithful  performance  of  the  work  and  for  guarantee- 
ing the  client  against  having  to  pay  more  than  the  limiting  sum  agreed  on 
(as  finally  modified). 

Method  qf  Pnfii-Shanng  CcniracL  The  following  method  ol  profit-diar- 
ing  between  the  contractor,  the  owner,  and  the  employees  is  to  be  adopted: 

An  accurate  estunate  of  cost  of  eveiy  detaO  of  the  work  from  start  to 
finish  is  to  be  Icept  by  the  contractor  and  verified  by  an  accountant  in  the 
employ  of  the  dient,  so  that  the  total  profit  on  the  job  may  be  ascertained 
1^  deducting  this  total  coet  from  the  maximinn  figure  named  in  the  coil- 
tractor's  tender  and  afterward  embodied  in  the  contract  (modified,  how- 
ever, as  hereinafter  described) .  This  profit,  less  the  amount  of  the  employ- 
ees* bonus,  is  to  be  shared  between  the  contractor  and  the  client  as  indicated 
in  the  profit  diagram,  Fig.  33a*.  It  should  be  clearly  understood  that  every 

♦  Mr.  Hnrdosty  haa  pointed  out  the  fact  that  on  largo  contracts  the  run'cs  cannot 
be  read  with  sufficiont  jiccurary  for  a  proper  final  .«cttlcnirnt  of  the  account,  and  that 
much  trouble  might  be  engendered  thereby  between  the  accouutanta  of  the  two  partaea* 
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direct  and  indirect  expense  to  which  the  contractor  is  put  in  doing  the  work, 
after  the  contract  is  signed,  is  to  be  included  in  the  cost — all  overhead 

exix'nses  of  every  kind,  plant  deterioration,  traveling  expenses,  supervision, 
and  sidaries,  excepting  only  that  the  contractor  himself  is  not  entitled  to 
any  salan,-.  In  the  ca«c  of  a  firm  Ix'ing  the  contractor,  the  head  of  that 
fiiTO  should  receive  no  sjdary;  but  if  any  of  the  juniors  devote  their  tune 
exclusively  to  the  job,  it  would  bo  legitimate  to  allow  them  reasonable 
salaries,  ('(juivalent  to  what  would  have  to  Ih'  paid  to  regular  assistants. 
All  such  matters,  of  course,  should  be  stipulated  in  the  contract. 

In  order  to  determine,  after  the  entire  job  is  finished,  the  amount  due 
the  contractor,  "Sum  C"  i.s  to  be  subtracted  from  "Sum  D,"  and  the  ratio 
which  this  diilerence  (either  a  positive  or  a  negative  quantity)  bears  to 
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VBtadpwMDtwof  Sarlnir oo Linltfnc  CorttodUnt 

FiQ.  33a.    Total  Perceutage  of  Saving  on  Limiting  Cost  to  Client. 


"Sum  C"  is  to  be  figured  and  adopted  in  the  use  of  tlie  diagram  of  "cor- 
rective ratios"  (Fig.  33/)*)  for  the  said  dilTerencc. 

AppliccUion  of  Corrective  Ratio.  There  are  two  reasons  for  applying 
this  corrective  ratio: 

First.    In  the  case  where  the  actual  quantities  of  materials  exceed  the 


The  solution  of  the  ditlit  ulty  is  to  suVjstitute  a  broken  line  for  tach  curve,  p;i>vsinR 
through  the  known  points  at  zero,  live,  ten,  tiftet;n,  and  twenty  i>ercentages.  The 
readings  for  these  points  on  the  upper  line  are  zero,  four,  seven,  nine,  and  ten;  and 
on  the  lower  line  they  are  sero,  one,  (hree»  six,  and  ten.  Sudi  an  arrangement  lemow 
every  pooeibility  oC  dispute  ooneerniiig  the  reading  of  the  diagram,  beeauae  all  per- 
eentages  intermediate  to  the  above-mentioned  ones  can  be  directly  intenxilntwl. 

•  The  curve  in  this  diatrram  is  intruded  to  he  the  q\ia(lr:mt  of  a  circle;  hence,  if  in 
reading  it  there  be  any  dispute  iKtweeu  the  accountants  of  the  two  parties,  it  can  be 
settled  by  drawing  the  curve  ou  crosti-ticction  paper  using  a  large  scale,  or  by  ^ploying 
exact  matUcDiatical  formuls. 
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estimated  ones  of  the  specifications,  it  would  be  hardly  fair  to  the  owner 
to  apply  to  the  excess  those  unit  prices  which  produce  his  tentative  limiting 

expenclituro. 

StH'ond.  In  the  case  where  the  act  mil  quantities  of  nmt<^rials  arc  less 
than  the  estimated  ones,  it  would  he  unjust  to  the  contractor  to  us<'  the 
hiph  unit  prices  on  the  diminution  (}uantities,  not  only  because  of  the  great 
difference  between  these  and  the  unit  jictual  costs,  but,  also,  for  the  reason 
that  the  total  overhead  charges  would  be  about  the  same  for  the  dimin- 
ished amounts  as  for  the  cbtimated  total  quantities. 
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FiQ,  88b.  Diagnun  of  Conective  Ratios. 


In  the  corrective  ratio  diagram  (Hg.  836)  it  win  be  noticed,  that,  after 
the  ratio  of  value  difference  (due  to  increase  or  diminution  d[  quantities 
of  materials)  reaches  0.2,  the  ''corrective  ratio"  remains  constant  at  0.8, 
which  correqmnds  approximately  to  actual  cost  conditions.  The  object 
of  this  is  to  provide  that  the  contractor  shall  not  be  too  much  benefited 
by  an  abnormal  increase  in  quantities,  nor,  on  the  other  hand,  shall  he 
be  at  too  much  disadvantage  because  of  an  abnormal  diminution  thmef  • 

To  utilise  the  corrective  ratio  diagram  (Fig.  336)  look  on  the  Une  of 
abscissfle  for  the  ratio  of  cost  difference,  pass  vertically  upward  to  the 
curve  (or  right  line,  as  the  case  may  be),  then  horizontally  to  the  extreme 
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kft  yneHatl,  wfaioh  will  indicate  the  cx»zi<eetiv6  ratio  lequired.  Neit,  mul- 
tiptsr  tliA  pievioufl^  oomputed  differenoa  by  this  oonrectiye  nti9^  and  add 
the  TCsult  to  or  fubtraot  it  from  "Sum  C."  The  result,  "Sum  E,"  wffl 
be  the  finally  ooneoted  limit,  from  which  must  be  aubteeted  the  total 
aefcnal  ooet  so  as  to  determine  the  amount  of  profit  to  be  divided.  Tlie 
first  step  in  such  divisum  is  to  set  aside  the  employees'  share  on  the  baM 
of  peroentage  agreed  on;  and  the  nest  is  to  divide  the  remaining  profit 
between  the  contractor  and  the  owner,  as  per  the  profit  diagram  (Fig.  33a). 

The'fliae  of  the  percentage  of  the  dedared  profit  to  allow  the  empkiyees 
win  depend  on  the  character  of  the  work  covered  in  the  contract  in  respect 
to  the  proportionate  dhriakm  of  the  cost  between  materials  and  labor. 
Under  ocdinaiy  conditions,  the  division  is  aboot  half  and  half,  in  which 
case  the  employees'  percentage  should  be  from  20  to  25;  but  where  the 
labor  cost  preponderates  these  figures  should  be  increased,  and  where  the 

mitiAriid«  Anst  iS  Iho  STBSter  tllQV  frflffllld  bo  <tttwi«MilMiil- 

In  respect  to  the  division  of  this  bonus  among  the  employees,  the  fol- 
lowing method  is  suggested :  ' 

Only  those  workmen  or  assistants  of  any  class  who  have  stayed  on  the 
job,  either  until  its  completion  or  imtil  their  services  were  no  longer  needed, 
should  participate  in  the  profits;  and  the  amount  of  the  sharo  of  ouch  such 
workman  and  assistant  should  be  in  the  proix>rtion  which  his  total  earning 
on  the  work  hears  to  the  grand  total  of  the  earnings  of  all  those  cnijjloyc^es 
who  so  participate.  As,  in  any  gooti  business  organization,  a  record  is 
always  kept  of  the  amount  of  salary  or  wages  paid  to  each  employee  on 
any  contract,  it  would  require  only  a  few  hours  of  extra  work  for  the  Ixxik- 
keeper,  after  the  job  is  finished|  to  compute  each  znan's  proportionate 
share  of  the  lx>nus. 

There  is  an  additional  protection  against  possible  loss  which  might  be 
given  to  the  contractor  under  c(M-tain  conditions,  especially  on  work  to  be 
done  in  a  foreign  count r}\  If  it  Ix'  antici{)ated  that  during  construction 
any  large  general  rise  in  the  price  of  labor  is  likely  to  occur,  thus  greatly 
augmenting  the  total  cost  of  the  work,  the  limiting  total  ex|)cnditure  of 
the  owner,  as  hereinbefore  finally  adjusted,  should  be  increased  by  an 
amount  figurc^i  thus: 

Determine  the  average  current  wages  for  common  labor  at  the  time  of 
letting  the  contract,  and  the  average  paid  therefor  during  the  entice  time 
occupied  by  the  construction,  and  call  the  ratio  of  these  two  averages  r^i 
then  figure  the  total  amount  of  salaries  and  wages  paid  to  employeea  from 
start  to  finish  and  call  it  Then, 

Tr(r'-l)Xl.2 

will  be  the  amount  required,  the  factor,  1^  covering  a  fair  allowanoe  far 
overhead  and  profits. 

It  has  been  suggested  of  late  in  the  technical  piess  that  the  contractor 
himself  should  be  paid  a  salaiy  by  the  owner,  in  addition  to  ^idiatever 


Digitized  by  Google 


BOONOMICS  m  COMlftACT  lATHNO  849 

profit  he  may  maka  on  the  job.  Such  a  policy  would  be  ahnply  suieidal 
on  the  part  of  the  owner,  for  if  the  work  were  to  be  handled  badly,  the 
oontractor  might  oontinue  to  earn  moiMy  while  the  owner  woidd  be  kaing 

heavily.  The  writer  has  met  with  just  such  a  case;  hence,  in  this  particu- 
lar, he  certainly  knows  whereof  he  speaks.  Such  a  practice  should  never, 
under  any  conditions,  be  countenanced  by  eitlier  the  owner  or  his  engineer. 

Exemplification.  In  order  to  illustrat<3  tlie  mmius  operandi  of  this 
method  of  profit-sharing,  let  us  assume  the  following  case,  in  wliich  the 
estimated  quantities  are  exceeded.  For  the  punK)se  of  simplification  in 
figuring,  round  numbers  have  been  assumecl  for  both  the  C|u;uitities  of 
matt^rials  and  the  unit  cost.s  thereof.  The  job  is  one  of  railroad  const  niction 
and  the  number  of  items  is  int^^ntionally  limited  for  the  sake  of  convenience. 

The  following  are  the  quantities  of  materials  supposed  to  be  stated  in 
the  specifications: 

Earthwork,  measured  in  cutting   1,000,000  cu.  yds. 

Loose  rock,        "       "     "    100,000  " 

SoHdrock,         "       «     «    40,000  " 

Concrete  in  structuree.   10,000  " 

Wooden  trestle   2.000  lin.  ft. 

Structural  steelwork,  erected.   500,000  lbs. 

The  tender  of  the  sucoessful  bidder  was  as  follows: 

Quant  it  io3.          Schedulo  A.  Totals. 

Earthwork.   1,000,000 cu. yds.  @  $0.50  «  $500,000 

Loose  rock.   100,000     *«      @i  1.00  =  100,1)00 

Solid  rock   40.(X)0     "      (&  1.50  =  60,000 

Concrete   10,000     "      @  20.00  =  200,000 

Wooden  trestle.   2,000  lin.  ft.   ^i!  50.00  =  100,000 

Steelwork.   500,000  lbs.      @  0.08  »  40,000 


Total  estimated  cost  ("Sum  A")   -  $1,0(K),(K)0 

Ptofit  required,  10%   -  100,000 


Tender  ("Sum  B")   -  $1,100,000 

Allowanee  for  owner's  profit   s  100,000 

EmpkyeeB*  profit,  25%  of  $200,000   -  50,000 


Tempmiy  limit  C'Sum  C")   -  $1,260,000 

Sum  C  $1,250,000 
Ratio,     Sum  il~  $1,000,000'"^'^ 

The  proportioDately  increaaed  unit  prieee,  therefoie,  wOI  be  as  foHowa: 
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Sefattfaife  B. 

Earthwork  $t).tSaxiM-^90,m 

Loose  rock.   1.00X1.25*  1.26 

SoUdrock   1.50X1.25-  1.875 

Concrete   20.00X1.25-25.00 

Wooden  troeOe   50.00X1. 25»e2.50 

Steelwork   0.06X1.25-  0.10 

The  actual  quantities  ci  the  materials  in  the  completed  job  were^  as 
follows: 

Earthwork   980,000  cu.  yds. 

Loose  rock   110,000 

SoUdrock...   .50,000  " 

Concrete   10,500  " 

Wooden  trestle   2,100  lin.  ft 

Steelwork   480,000  lbs. 

In  addition,  there  was  done  by  the  contractor  certain  "unclassified 
work  "  which  actually  cost  him  for  lalM)r  and  materials  $20,000. 
The  revised  estimate  is,  therefore,  as  follows: 

Earthwork   980.000  cu.  yds.  @>  $0 . 625  =  $612,500 

Loose  rock   11U,(KX)     «*      @  1.25  =  l'A7,m 

Solid  rock   50,000     ««      ^  1.875«  93,7r)0 

Concrete   10,500     **      (5  25.00  =  202,500 

Wooden  trestle   2,100  lin.  ft.  (a.  62  .50  =  131,250 

Steelwork   480,000  lbs.       @.  0  .10  =  48,000 

Unclassified  work  $20,000X1.3=  26,000 


Summation,  or  "Sum  D"   =$1,311,600 

The  difference  between  "Sum  D"  and  ''Sum  C"  equals 

$1,311,500-$1,250,000»|61,500. 

lUtioof  differenoe«||25o\xX)^^*^®^'  say,  0.06. 

For  this  ratio,  the  diagram,  Fig.  336,  gives  a  corrective  ratio  of  0.865^ 
which  multiplied  by  161,500  gives  $53,198,  say,  $53,200,  making  the  w- 
lected  limit,  or  '<Sum  E,"»$l,250,000+$53,200» $1,303,200. 

If  the  total  actual  cost  of  the  work,  induding  that  of  the  unclassified 
work  without  allowance  for  superintendence  or  overhead,  amounted  to 
$1,100,000,  the  total  profit  would  be: 

$1,303,200- $1,100,000»$203,200. 

Of  this,  the  joint  share  of  the  contractor  and  the  owner  would  be: 

$203,200-!- 1 .25-$162,5a0; 
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and  the  employees'  bonus  would  be: 

I203,200-$162,5e0»$40,64a 

which  IB  exactly  25%  of  $162,560. 

In  respect  to  the  diviaion  of  this  last  anunmt  between  the  contnustor 
and  the  owner,  its  ratio  to  total  cost  is: 

$162,560-i-$l,100,000»0.148,  or  14.8%. 

From  the  diagram  for  proht  division  (Fig.  33a)  we  find  the  division  of  this 
percentage  to  be; 

Contractor   8  9% 

Owner   6.9% 

This  makes  the  total  payment  by  the  owner  to  the  contractor: 

$M00|000X106.9-|1,107,000. 

Let  us  now  take  a  case  where  there  is  a  dUnution  in  the  estimated 
quantities  of  materials.  Using  the  same  case  as  before  in  respect  to 
estimated  quantities  and  tender,  we  shall  aMume  the  following  actual 
quantities  df  materials: 

Earthwork   1,050,000  cu.  yds. 

Loose  rock   50,000  " 

Solid  rock   20,000  " 

Concrete   8,000  ** 

Wooden  trestle   1,800  lin.  ft 

Steel  work   460,000  lb. 

The  cost  of  the  unclassified  woA  was  $20,000,  as  in  the  preceding  case. 
The  revised  estimate  is,  therefote,  as  fdlows: 

.    Earthwork   1,0.50,000 cu. yds.  @  $0,625=  $656,250 

Loaserock   50,000     "      @  1.25  =  62,500 

Solid  rock   20,000     **      @  1.875=  37,500 

Concrete   8,()00     "      @  25.00  =  200,000 

Wooden  trestle   1.800  lin.  ft.  %  62.50  =  112,.5O0 

Steelwork   450,0001b.       @  0.10  =  45,()t>0 

Unclaasified  work  $20,000X1.3-  26,000 


Summation,  or ''Sum    •-$1,139,750 

The  difference  between  "Sum  D"  and  ''Sum  C"  equals 
$1,139,750~$1,250,000»  -$110,250. 


Ratio  of  diffewnoe«^3^=0.< 
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For  this  ratio,  the  diagram  gives  a  ooiroctive  ratio  of  0.835,  whieh, 
multiplied  by  $110,250,  gives  $02,059,  aay,  $02,100,  making  the  corrected 
limit. 

«Smn  E">-$1,250,000-$02,100-$1,157,900. 

If  the  total  actual  co«t  of  the  construction,  including  that  of  th(»  nnrlai>si- 
fiod  \vf)rk  without  allowance  for  Hupehntendence  or  overhead,  amounted  to 
$880,000,  the  total  proht  would  be: 

$l,157,900-$880,000»$277,g00. 

Of  this,  the  joint  share  of  the  contractor  and  the  owner  would  be: 

$277,900  4- 1 .25  =  $222,320, 
and  the  employees'  bonus  would  be: 

$277,900  -  $222,320  =  $55,580, 

which  is  exactly  25%  of  $222,320. 

In  respect  to  the  division  of  this  last  amount  between  the  contrsetor 
and  the  owner,  its  ratio  to  total  cost  is: 

$222,320-r $880,000  =  0.253,  or  25.3%. 

From  the  diagram  for  profit  division,  (Fig.  33a),  we  find  the  division  of 
this  percentage  to  be  on  the  "fifty-fifty"  bai^,  making  the  total  paymeot 
by  the  owner  to  the  oontractor- $880,000 X  1.1265-1091,320. 

Advantages,  The  advantages  of  this  method  of  contract-letting  are  ss 
follows: 

First.  While  it  is  true  that  the  client  at  the  outset  does  not  know 
exactly  what  the  work  is  going  to  coat  him,  he  is  positive  that  it  will  not 
cost  him  materially  more  than  a  certain  amount,  provided  his  engineer's 
estimate  of  quantities  is  about  right,  as,  generally  speaking,  it  certainly 
ought  to  be. 

Second.  The  client  has  the  satisfaction  of  feeling  that  oven  if,  in  his 
opinion,  the  limit  detenninod  by  the  contractor's  bid  is  excessive,  and  that 
the  final  net  profit  on  the  job,  in  consequence,  will  be  too  large,  the  said 
net  profit  will  be  shared  between  them  on  a  "fifty-fifty"  basis. 

Third.  While  the  client  is  l)()und  to  pay  a  certain  percentage  of  the 
joint  profit  as  a  bonus  to  the  contractor's  cmploye(\s,  generally  lie  will  not  l»e 
out  of  pocket  thereby,  but,  on  the  contrary,  he  will  gain ;  because  the  incen- 
tive that  the  prospective  bonus  gives  to  all  hiiiids  (o  lal)or  energetically  will 
save  in  the  total  cost  much  more  than  the  amount  of  the  bonus. 

Fourth.  All  the  advanUiges  of  competitive  l)idding  are  retained  by  this 
method,  because  the  fully-capable  comp(»titor  who  tenders  (he  lowpnt 
amount  for  "Sum  ('"  should  be  awarded  the  contract  All  bids  will  In^on 
exactly  the  same  basis,  no  modification  of  the  stipulate*!  methfxl  of  tender- 
ing being  permitted.  It  is  understood,  of  course,  that  the  contract  will  not 
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be  awarded  to  any  competitor  who  does  not  posaess  the  necessaiy  esqieri- 
eiioe,  capital,  and  plant',  and  who  has  not  an  established  reputation  for 
doing  good  and  satisfactory  work. 

fifth.  The  contractor,  if  he  was  not  too  keen  in  bidding,  knows  that 
there  is  almost  no  chance  whatsoever  of  his  losing  mon^  on  the  job; 
because  before  doing  so  he  would  have  to  use  up  his  allowance  for  contin- 
gencies, his  own  estimated  profit,  a  profit  of  like  amount  allowed  for  the 
owner,  and  a  substantial  sum  representing  the  employees'  bonus.  If  he 
ever  does  use  up  all  these  safeguards,  the  chances  are  many  to  one  that  the 
fault  therefor  is  entirdy  his  own,  being  due  to  his  negligence,  lack  of  fore- 
thought, or  deficient^  in  energy  and  push;  and  in  that  event  he  certainly 
would  deserve  to  be  penalised. 

Sixth.  All  the  workmen  and  salaried  employees  of  the  contractor  wiD 
be  satisfied  with  their  job  because  of  the  excdlent  opportunity  offered  for 
extra  compensation;  and  they  will,  of  their  own  accord,  work  diligently, 
and  occasionally  even  overtime,  in  order  to  expedite  the  constructbn.  Of 
their  own  accord,  too,  they  will  run  off  the  job  any  employee  who  is  a 
chronic  shirker,  and  they  will  make  it  their  business  to  keep  everybody 
busy;  because  the  nu»e  cheaply  the  oonstoruetion  is  done  the  greater  will 
be  tiie  bonus  to  divide  among  the  faithful  employees  who  stidc  by  the  work 
to  the  finish. 

Seventh.   The  method  of  profit-sharing  ^ven  by  the  diagram  for  profit 

division  (Fig.  33a)  is  eminently  equitable,  in  that  when  the  net  amount  is 
small,  nearly  all  of  it  goes  to  the  contractor,  and,  as  it  augments,  a  con- 
tinually increasing  proportion  of  it  goes  to  the  owner,  up  to  the  point  where 
the  total  joint  profit  amounts  to  20%,  after  which  the  partition  is  on  a 
"fifty-fifty"  basis. 

It  will  be  seen  that  for  a  total  net  joint  profit  of  leiis  than  20%,  the  fol- 
lowing divisions  will  prevail: 

With  5%  net,  4%  goes  to  the  contractor  and  1%  to  the  owner 
With  10%  net,  7%    **  "    "      "        "3%  *' "  " 
With  15%  net,  9%  "      "        "6%  " 

The  20%  point  was  selected  for  equal  division  as  being  the  one  above  which 
a  contract  is  generally  deemed  Ijy  contractors  to  be  good,  slightly  below 
which  it  is  only  fair,  and  much  below  which  it  is  had;  for  it  corresponds  to 
a  net  profit  of  10  per  cent.  That  is  as  small  a  margin  as  is  generally  deemed 
safe  for  &ny  bidder  to  tender  upon,  and  yet  it  constitutes  a  satisfactory 
profit  on  a  finished  job.  As  for  Umiting  the  cUent's  share  of  the  profit  to 
one-half — that  is  reasonal)lo  and  just,  l^ecause  he  would  have  no  moral 
right  to  receive  more  than  liis  partner,  the  contractor.  If  the  client's  share 
were  allowed  to  increase  indefinitely,  it  is  conceivable  that,  with  a  ver^' 
large  prosjj^ctive  total  profit,  the  contractor  could  save  money  for  himself 
by  making  the  work  more  exix'nsive. 

Any  bidder  who  tenders  on  the  basis  of  a  profit  less  than  10%  should 
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be  looked  on  aakanoe  by  the  owner  and  his  engineer;  and  Bueh  a  ftfwnpfftitnr 
should  not  be  awarded  the  contract,  unless  he  iX)S8esse8  an  exceptionally^ 
fine  reputation  for  doing  good  work  and  for  not  quitting  his  job  before 
finiahing  it.  It  IS  true  that  during  very  hard  times  many  worthy  contract- 
on  are  willing  to  woik  abnoat  lor  actual  cost,  in  order  to  keep  their  work- 
men empkfyed;  and  in  such  cases  the  good  intention  should  be  rBOogniaed 
in  making  the  award.  NevertheleBB,  it  nearly  always  proves  to  be  unsatia- 
faetoiy  to  both  the  owner  and  his  engineer  to  let  a  oontraet  for  any  piece  of 
ooDstruetioii  at  a  figure  betow  its  real  value. 

Eif^tfa.  The  contractor  will  feel  during  the  progrenp  of  the  eooetiiBO- 
tkm  that  the  client  is  a  partner  on  the  job,  and  that,  therefore,  he  and  bia 
engineerB  win  not  be  likely  to  be  unneceeaarily  severe  in  their  reqp^^ 
also  that  thsy  will  permit  the  adtqition  of  all  legitimate  eipenfle-aaving 
espediente,  and  will  not  demand  too  many  frills  on.the  finishing. 

Ninth.  Owing  to  the  justice  and  equity  inv<dved  by  this  method 
of  contract4etting  and  projltpsharing,  all  concenied  in  the  eneotion  of 
the  woik  will  labor  whole-heartedly  and  good-naturedly,  avoiding  petty 
squabbles  and  disBgreements;  and  the  result  will  be  earnesti  honest  effort, 
a  satisfactory  piece  of  con8trueti(m,  and  the  genersl  contentment  of  both 
parties  to  the  agreement. 

Tenth.  While  this  method  may  at  first  i^ce  have  the  appeaxanee  of 
being  complicated,  it  is  quite  simple;  and  because  of  the  dear  manner  in 
which  it  is  explained  herein,  it  is  easily  utiliaed  in  any  actual  case  by  follow- 
ing one  step  at  a  time  the  directions  given.  Hie  nomenclature  of  "sums" 
and  "schedules"  renders  the  applksatkm  of  the  method  very  ^sy.  Idore* 
over,  it  must  be  remembered  that  it  is  to  be  used  only  once  for  each  con- 
tract, and  then  only  after  all  the  work  Is  completed  and  tiie  accounts  are  In 
proper  form.  Again,  the  keeping  of  the  accounts  is  in  no  way  any  more 
complicated  than  it  would  be  in  case  any  of  the  "costiilus"  methods  were 
used. 

(H^eeHons  That  Have  Been  Raised  to  This  Method.  A  few  objections, 
both  orally  and  in  print,  have  been  raised  to  this  proposed  method  of 
contract-letting  and  profit-sharing;  but  they  could  not  have  been  well 
considered,  for  they  are  not  valid.  It  will  be  well  before  closing  this  dis- 
cussion to  mention  them  and  show  wherein  they  are  untenable.  They  are 
as  follows: 

A.  It  has  lx»en  assorted  that  there  woukl  he  special  difficulty  in 
keeping  tlic  accounts;  hut  there  would  he  n^uired  therefor  exactly 
the  same  work  which  would  be  necessitated  by  any  of  the  "cost-plus" 
methods.  They  all  involve  a  correct  record  of  the  amount  of  every 
legitimate  item  of  expt^nse  to  which  the  contractor  is  put;  and  the  l)(H»k- 
keeping  in  any  cim^  would  certainly  require  an  account  with  each  eniployee, 
so  as  to  show  how  much  money  had  been  paid  him  from  start  to  finish, 

B.  It  has  been  claimed  that  the  method  is  t<M)  (•()in])]i(tated  to  be  ujse- 
fuL   On  the  contrary,  as  c^iained  previously,  it  is  simple;  and  the  pecul- 
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iar  manner  of  its  presentation  herein  is  auch  as  to  render  its  use  merely  a 
matter  of  following  step  by  step  certiiin  clearly  written  instructions.  More- 
over, as  before  indicated,  this  method  of  settlement  of  accounts  is  used  only 
once,  viz.,  after  the  completion  of  the  job. 

C.  It  has  been  stated  that  uneducated  contractors  would  have  diffi- 
culty in  understanding  the  methcxl;  but  the  man  who  made  this  claim  did 
the  average  American  contractor  a  grave  injustice.  The  construction' 
contractors  in  this  country  are  as  bright  a  l)ody  of  men  lus  one  can  find  any- 
whiM-e ;  and  certainly  they  may  be  trusted  to  understand  anything  in  reason 
that  affects  their  interests. 

D.  It  has  been  claimed  that  most  contractors  have  a  general  inherent 
objection  to  sharing  profits  with  the  owner;  but  a  little  consideration  will 
show  that  there  is  no  sharing  of  the  requested  profit  until  af  t«r  the  estimated 
cost  of  the  work  (under  the  assumption  of  unchanged  quantities  of  mate- 
rials) has  been  exceetled.  It  was  to  clarify  this  situation  that  the  writer 
changed  his  original  idea  of  having  each  bidder  name  a  lumi>-sTnn  (corre- 
sponding to  "Sum  C")  as  a  provisional  limit  of  the  owner's  total  expendi- 
ture, and  a  Ust  of  unit  prices  (corresjxjnding  to  "Schedule  B")  which,  when 
applied  to  the  estimated  quantities  of  the  spc^cifications,  would  make  the 
sum  of  the  products  exactly  equal  to  the  said  lumjvsum,  and  substituted 
therefor  the  method  herein  descril)ed,  viz.,  that  of  having  each  bidder  sub- 
mit in  detail  his  estimate  of  cost  and  his  desired  profit,  and  arranging  the 
method  of  determining  the  limiting  cost  to  the  owner  by  two  additions  to 
the  bidder's  tender.  This  change  is  simply  a  concession  to  prejudice,  and 
does  not  modify  the  method  proposed  by  the  writer  in  his  letter  published 
in  Contracting  in  its  issue  of  September  15th,  1919.  The  only  fundamental 
ehai^  between  that  presentation  of  the  matter  and  this  one  is  the  incliiaion 
herein  of  a  bonus  for  the  employees. 

£L  It  has  been  claimed  that  this  method  would  tend  to  deceive  the 
owner.  He  would  certainly  be  stupid  if  he  could  not  see  clearly  how  Hb 
tendency  is  to  cut  down  the  amount  that  he  will  pay  for  the  entire  work, 
and  that  it  will  set  a  just  limit  beyond  which,  under  the  wont  possible 
conditions,  he  cannot  be  compelled  to  pay  any  more. 

F.  It  has  been  stated,  as  a  reason  for  favoring  the  "cost-plus "  system, 
that  bonding  companies  favor  it  and  oppose  all  other  methods  of  contract- 
letting.  Naturally,  they  would  do  so;  because,  with  the  ''cost-plus" 
method,  their  obligation  reduces  almost  to  zero,  the  risk  being  placed  solely 
on  the  owner.  In  truth,  with  that  method  adopted,  there  does  not  appear 
to  be  any  valid  reason  for  having  a  bond  at  alL  When  the  contractor  runs 
no  risk  of  loss  whatsoever,  why  a  surety  company  bond?  Posribly,  if  the 
soiety  companies  would  consider  it  from  this  point  of  view,  they  wookl 
not  oppose  the  writer's  suggested  method  of  oontnet-letting;  for,  while  it 
reduces  veiy  greatly  the  possibili^  of  loss  to  the  surety  company,  it 
does  not  destroy  that  oigaaisatioii's  function  by  removing  entirety  its 
raiton  tPitn, 
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G.  The  daim  has  been  made  thai  this  method  Is  not  aiipKoable  to 
eaaes  where  no  estimate  of  quantitieB  has  been  made  or  for  wbiah  do 
BpeeifieatioM  have  been  ptepaied,  and  when  it  k  necewaiy  to  let  the  -mkk 
without  dday.  The  oomctnees  of  this  cUum  ia  granted,  but  its  applSe^ 
biHty  should  be  oonfined  to  war  woifc,  in  whioh  the  dement  of  time  in  the 
principal  eonnderation.  In  eivil  hfe,  if  a  projector  of  an  entcipiise  le  in 
suoh  h^ate  to  start  his  work  that  he  has  to  omit  the  preparation  of  apeeifi- 
cations  and  estimates  of  quantities  before  letting  theoontract,hecertain|]r 
deserves  what  is  coming  to  him  in  case  it  proves  that  he  has  placed  lumedf 
in  the  hands  of  an  unscrupuk)us  contractor  on  the ''cost-plus'' basis. 

H.  It  has  been  pointed  out  that  the  law  will  prevent  certain  pufafie 
bodies  from  letting  contracts  on  a  "cost-phis"  basis,  and  that  such  n 
ruling  might  apply  to  the  writer's  proposed  metiiod  also.  If  such  really 
is  the  case,  the  remedy  wodd  evidently  be  to  modify  the  law  so  as  to 
peimtt  of  its  adoption;  but  would  not  the  fact  of  its  containing  m  dense 
iriudi  sets  a  limit  to  the  contractor's  total  compensation  always  render 
the  metiiod  legalt  This,  howcM,  is  a  question  for  the  lawyers  to  settle. 

I.  A  prominent  writer  on  economics  has  lately  issued  a  tirade  against 
gambling,  especially  as  it  applies  to  contractors  guaranteeing  ownera 
against  the  cost  of  work  exceeding  the  amount  of  the  tender.  The  writer 
concurs  in  this  theory  to  the  extent  that  there  should  be  no  gambling  on 
the  amounts  of  assumed  quantities  of  materials,  or,  in  certain  cases,  on 
there  not  being  any  great  rise  in  the  average  price  of  labor,  or  on  possible 
loss  through  any  reasoniibly  great  amount  of  hard  luck;  but  there  is  cer- 
tainly nothing  unmoral  or  oppressive  in  insisting  on  his  gambling  to  the 
extent  of  guaranteeing  against  his  own  incompetency,  carelessness,  or  lack 
of  forethought.  The  writer  is  of  the  opinion  that  a  margin  against  actual 
money  loss  to  the  contractor,  consisting  of  his  estimated  amoimt  for  con- 
tingencies, phis  his  requested  profit,  phis  an  v(\uii\  profit  for  the  owner, 
plus  a  suhstant  ial  Iwnus  for  the  employees,  is  amply  large  to  guarantee  him 
against  all  loss  through  ordinarily  unfavorable  eventualities;  and  that, 
in  ninety-nine  ciises  out  of  a  hundred,  if  such  a  margin  were  exceeded,  it 
would  be  because  of  the  contractor's  own  fault. 

Adoption  of  Method.  If  this  pro|x>scd  method  of  contract-letting  and 
profit  sharing  is  received  with  favor  by  engineers,  architects,  contractors, 
and  builders  in  general,  it  could  (  asily  he  adoi)ted  as  a  standard  for  the 
country  by  calling  a  small  convention  with  a  single  representative  from  each 
of  the  leading  technical  and  railroad  societies,  contracting  organizations, 
bankers'  associations,  and  labor  guilds,  to  discuss  the  advisability  of  adopt- 
ing it  (or  else  some  modification  of  it)  and  to  rejwrt  the  decision  of  the 
meeting  to  the  said  bodies  for  their  approval.  If  any  large  gr(>up  of  clients, 
such  as  the  railroad  companies,  were  to  aclopt  the  method  as  standard  and 
use  it,  wry  soon  ever>'body  having  construction  contracts  to  let  would 
follow  their  example,  thus  making  it  the  universal  standard  of  contract- 
letting  for  the  countiy — nor  would  it  be  long  before  other  American  ooun> 


Digitized  by  Coogle 


SCONOMXCS  IN  CONTBACT  LBTTINO 


357 


tries  would  follow  our  lead,  thus  greatly  Biinplifying  our  buainess  relations 
with  the  various  American  Commonwealths. 

Addendum.  In  all  lines  of  manufacture  the  oinployoos  should  share  in 
the  net  annual  profits  of  the  company;  but,  in  figuring  the  yearly  cost  of 
running  the  estal)lishment  and  doing  the  work,  there  should  be  included 
fair  salaries  for  ail  the  working  officers,  6%  on  the  actual  amount  of  cash 
invested  in  the  plant  and  business  (but  not  on  the  total  capital  stock),  an 
annual  allowance  for  a  sinking  fund  to  redeem  the  bonds  or  other  indebted- 
ness of  the  organization^  and  taxes  of  every  kind.  The  net  profit  estimated 
in  this  way  abould  generally  be  divided  on  the  baas  of  ooa4biid  to  the 
employeea  and  two-thirds  to  the  company,  but  sometimes,  perhaps,  on  that 
of  one-fourth  and  three-fourths.  The  roaaon  why  it  should  not  be  split  on  a 
"fifty-fifty"  basis  is  that  the  company  has  to  run  the lisk  of  standing  a  losa 
in  bad  years,  while  the  employees  do  not.  Only  thoae  employees  who  are 
still  connected  with  the  company  at  the  end  of  the  year,  or  who  have  been 
diachaiged  in  good  standing,  should  share  in  the  bonus;  and  their  propor- 
tionate amounta  should  be  oomputed  as  pievioua^  indicated  for  the  case 
of  ooDstniction  oontraots. 
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ECONOMICS  OF  BiU£>Ul!>i::NUixNEi:mNG  OFFICEWOBK 

CoNCEKNiNG  economics  in  the  managrniont  of  a  bridge  engineer's 
office,  it  will  suffice  to  ofTcr  a  few  jjcneral  principles  and  refer  the  readier  to 
Chapter  LVlll  of  "Bridge  Engineering."  It  has  been  claimed  by  some 
engineers  that  the  scheme  of  managenient  therein  exix)un(ie<l  is  far  too 
elaborate;  and  costly,  some  going  so  far  as  to  state  that,  if  it  were  followed 
out  exactly,  the  expense  involved  would  eat  up  all  the  profits.  Such, 
though,  is  not  the  case,  for  while  it  is  true  that  it  is  too  ex|x>nsive  for  an 
office  with  a  small  force,  it  is  not  so  for  one  handling  simult^uuMmsly  many 
nuUions  of  dollars'  worth  of  bridgework,  as  did  the  author's  in  ante-bellum 
days.  It  represents  an  ideal  system  worked  out  with  great  care  and  in 
complete  detail;  and  if  it  were  utilized  with  projx>r  discretion  ]>y  l>ridge 
engineers,  bearing  in  mind  that  one  should  *'cut  his  coat  acGOixUiig  to  hifl 
cloth,"  much  l^enefit  would  result. 

In  any  ciuse,  though,  the  following  principles  should  Ix?  observ^ed: 

First.  All  employees  should  arrive  jiromjitly  in  the  morning,  preferably 
a  few  minutes  ahciid  of  time,  should  get  to  work  immediately,  should  work 
diligently,  and  should  put  in  full  time.  If,  for  any  unavoidable  reason,  an 
employee  loses  some  time  from  his  work,  it  should  be  a  point  of  honor  with 
him  to  make  it  up  by  working  overtime. 

Second,  Talking  among  the  employees  during  office  hours  should  be 
Teduce<l  to  an  absolute  minimum  consistent  with  a- proper  exchange  of 
ideas  as  to  the  development  of  the  work  of  designing  and  detailing.  No 
general  conversation  in  the  ci&oe  should  be  allowed  under  any  circum- 
stances whatsoever. 

Third.  No  visitors  should  be  permitted  to  enter  the  drafting  or  com- 
puting rooms,  and  callers  upon  employees  should  be  made  to  understand 
that  they  are  not  welcome  and  that  visiting  is  against  the  rules. 

Fourth.  No  smoking  should  be  allowed  during  <^ce  hours.  It  takes 
valuable  time  from  the  work;  and  hot  oigarette  ashes  are  veiy  destractrre 
to  tracings. 

Fifth.  Each  employee  should  be  made  to  attend  stiictif  to  his  own 
business,  and  no  one  should  be  allowed  to  pry  Into  mattsra  in  relation  to 
which  he  has  no  legitimate  concern. 

Sixth,  Before  any  computations  on  a  design  are  made,  lull  data  ahould 
be  odOeoted  therefor;  and  a  complete  list  of  the  conditions  precedent  afaouU 
be  sent  to  the  client  for  approval  in  writing  before  any  aerioue  woik  ia  done. 

m 
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Then,  if  later  any  changes  are  called  for  by  the  client,  they  would  be  made 
at  his  expense,  and  he  could  raise  no  valid  objection  to  standing  the  cost 
thereof. 

In  order  to  systematize  the  coUcction  of  data,  each  office  should  liave  a 
printed  list  of  questions  or  memoramla  to  sentl  to  clients,  agents,  or  field 
men ;  and  these  should  be  filled  in  as  fully  as  practicable  for  each  job.  Such 
a  Hst  is  given  in  Chapt^T  XLVI  of  "Bridge  Engineering,"  but  lately  the 
author,  for  the  benefit  of  his  future  practici^  (csjx'cially  in  foreign  countries) 
has  materially  elaborate<.i  this.  He  feels  that  it  cainiot  well  l>o  made  too 
full  or  complete,  because  the  more  one  knows  in  advance  about  the-govem- 
ing  conchtions  the  better  will  he  make  his  design. 

Seventh.  There  should  lx>  estabUshed  certain  limits  to  the  accuracy  of 
all  calculations,  and  these  should  be  adhered  to.  The  hst  of  hmits  adopted 
in  the  author's  practice  is  given  on  page  1377  of  "Bridge  Engineering." 

Eighth.  After  Ciich  page  of  calculations  is  finished,  it  shf)ul(l  be  checked 
by  the  same  computer  so  that,  if  he  has  made  any  error  tht'reon,  it  may  he 
corrected;  and  thus  its  effect  will  not  be  carried  into  any  succeeding  pages 

Ninth.  All  results  should  be  roughly  checked  by  the  computer,  using 
old  records  or  diagrams,  so  as  to  ensure  that  no  egregious  blunder  has  been 
made. 

Tenth.  All  calculations  should  be  cheeked  by  an  independent  com- 
puter before  being  turned  over  to  the  drafting  room. 

Eleventh.  Every  record,  lKX)k,  pamphlet,  and  similar  office  possession 
should  be  filed  and  indexed  so  that  it  can  be  found  at  any  time  without 
delay. 

Twelfth,  ^ft"e>*  drawings  should  be  made  to  enable  the  contractor  to 
prepare  properiy  and  readily  his  shop  drawings  or  other  working  drawings — 
but  no  more;  and  the  preparation  of  shop  drawings  in  the  engineer's  office 
should  be  strictly  avoided .  I  f  they  are  made  there  so  as  to  suit  the  style  ol 
one  shop,  they  would  probably  not  satisfy  the  idio^jrncrasies  of  anodMr— 
hence  it  is  better  to  let  each  shop  prepare  its  own  shop  drawings. 

Thirteenth.  It  is  truly  eoonondc  to  use  standard  parts  whenever  this  is 
praoticable.  It  saves  time  in  the  office  and  monqr  in  manufacture. 
Special  sections  of  metal  should  be  avdded,  even  if  they  apparently  be 
economical;  for  generally  time  is  far  more  valuable  thaura  little  ertrn  metal. 
It  is  only  in  ease  of  a  lajqge  amount  of  duplication  that  special  sectioDS  are 

Fourteenth.  A  simple  style  ol  lettering  is  both  neat  and  economic,  and 
the  use  of  stencils  and  the  printing  press  invohres  the  saving  of  time  and 
money. 

F^eenA,  No  mioheoked  diawmg  diould  ever  be  allowed  to  go  out  of 
the  office— no  matter  how  pressing  the  call  for  it  may  be.  The  method  of 
checking  all  drawings  should  be  thorough  and  systematic,  and  it  shouki 
invariably  be  followed. 

Sixteenth,  When  changes  on  drawings  became  necessary,  they  should, 
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of  ooline,  be  made;  but  tbeir  effeete  on  aU  parts  afaovdd  inrariab^  be  ttA' 
lowed  out  to  the  utmost  limb  of  theb  infliieiioe.  . 

SemUeenih,  Handling  of  the  office  work  should  be  done  by  a  tbcmwigjh 
and  appfoved  eystem,  such  as  that  given  on  page  1387  et  mq,  of  "Bridge 

Eighteenth.  Proper  blank  fonns  faeSitate  office  work  andtherefcce 
eoonomiie  on  cost 

Ntneteemh,  Cost  leooids  for  the  Tarioos  jobs  should  be  kept  so  as  to 
be  able  to  figure  properly  on  the  probable  expense  that  wiU  be  involved  in 
doing  prospective  woric 

TwenHdh.  Cud  'mSom  Aoufcl  be  kept  far  all  posseoMOM  as  well  — 
forreoords;  and  this  applies  to  the  engineer's  libraiy.  No  books  should  be 
taken  from  the  office  without  special  permiaaon,  and  a  record  of  all  sucb 
loans  should  be  kept,  and  utilized  for  compelling  the  return  of  all  books  thus 
borrowed. 
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The  economics  of  inspection  is  a  subject  that  is  rather  intangible,  and 
yet  is  a  branch  of  cc'onmnic.s  which  really  exists  and  is  of  great  importance; 
hence  it  has  a  proper  place  in  this  peneral  study,  because  it  involves  a 
desired  result  to  be  accomphsiied  with  a  minimum  expenditure  of  effort^ 
money,  and  (to  a  slight  degree)  material. 

The  first  point  to  treat  is  this  important  question — To  what  extent  will 
it  pay  the  owner  or  promotor  to  have  his  work  inspected,  and  how  much 
money  should  be  spent  therefor?  To'  this  query  the  answer  is  clear  and 
imequivocal,  viz.,  that,  within  the  reahn  of  reason,  the  manufacture  and 
OODBtruoiion  of  bridgework  cannot  well  reoove  too  thorough  inspection,  and 
the  owner  ahoukl  be  wilUng  to  pay  for  it  a  reasonable  compensation  to  higb- 
ciass  men.  A  few  dollars  saved  by  employing  cheap  inspectors  may  mean 
ymey  many  dollars  lost  through  their  bhmdering  and  from  lowering  the  yahie 
of  the  fiidshed  product. 

LQdb  all  aenrioe  funetiona,  there  ahoukl  be  a  strong  diatinetion  between 
profcaaonal  aervioe  at  reaaonable  rates  and  aimply  commerdal  aenrioe 
rendered  on  low  competitive  tenna.  The  qualify  of  inspection  ia  evidently 
dependenti  aa  ia  aU  profeaabnal  work,  upon  the  character  of  the  men 
employed,  and  thia  ia  unavoidably  dependent  iqxm  the  compenaation 
allowed. 

From  the  above  it  be  appreciated  that  the  quality  of  inq)ectlon 
must,  according  to  the  aame  rnle  aa  ap{diea  to  aU  buaineeB, 
portion  to  ita  financial  reward*  To  be  of  genuine  value,  inspection  muat  be 
oonatant,  intelligent,  and  complete.  A  final  inapection  may  detennine  the 
aatiafactosy  compliance  with  the  contract,  but  cannot,  generalbr,  aeeore  an 
adequate  correction  of  erroTB^  and  certamty  tt  cannot  prevent  them  or 
tend  to  the  improvement  of  the  woik.  Thecriteriaofquidity  of  inapection 
are  the  experience  of  the  men  direct^  on  the  job,  the  time  spent  on  it,  and 
the  quality  of  the  final  record.  The  engineer  or  peracm  having  the  respon- 
sibility of  engagmg  Inspecting  Engineers  should  decide  upon  the  experience 
and  reputation  of  the  firm  with  which  he  purposes  dealing,  should  know  the 

*  For  a  laiVB  portnn  of  the  date  from  wliidi  tfaiB  diapCer  in«  pnps^ 

is  indebted  to  Us  friend,  Mr.  Watson  Vredenburgh,  C.  E.,  of  HiUreOi  A  Go.,  one  of 

the  bost-known  and  most  successful  inspecting  bureaus  of  this  country.  The  first 
part  of  the  chapter,  which  is  his  work,  relates  to  suprrstrurture,  while  the  latter  portioil 
irom  where  the  treatment  of  substructure  begins  represents  the  author's  opinions. 
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acpen&DM  of  the  men  to  be  employed  upon  the  woik,  and  ehould  eritically 
wiiminfttheciiaraeterofbothRrogi«a^  He 
may  also  properly  demaiid  mfofmatkm  aa  to  the  time  of  the  men  employed 
upon  the  job. 

The  method  of  payment  b;^  tons  inspected  is  aatisfaetory,  with  aknofwl- 
edge  as  to  the  quality  of  inspection ;  but  if  the  Engineer  is  doubtful  as  to  the 

character  of  the  work  that  is  to  be  done,  he  may  arrange  his  terms  on  a 
basis  of  cost  of  the  actual  time  of  the  men  employed  on  the  work,  plus  a 
percentage  or  a  fixed  allowance  per  ton  to  the  Inspecting  Engineers  for 
organization  and  supervision.  It  is  difficult  to  fix  a  pro]x^r  charge  fx^r  ton 
to  cover  all  sizes,  kinds,  and  locations  of  work  which  would  be  economicaJ 
to  the  client  and  fair  to  the  Inspecting  Engineer.  The  latter  may  properly 
make  a  profit  from  the  favorable  combination  of  his  work  at  rolling  mills 
and  manufiU'turing  shops,  and  from  the  saving  of  time  and  traveling 
expenses,  and  at  the  same  time,  under  proj)er  arrangement  and  knowledge 
of  these  conditions,  give  the  client  the  benefit  of  any  econoi^y  anaing  fram 
these  pro]iitious  circumsta.nces. 

Some  Engineers,  solely  with  the  false  thought  of  economy  in  the  cost  of 
a  structure,  omit  to  specify  inspection,  or  bow  to  the  wish  of  an  owner  who 
may  consider  the  inspection  an  unnecessary  exj^nse,  without  having  any 
conception  of  either  the  details  of  the  serv  ice  or  its  benefits.  It  is  not 
inconceivable  that  an  owner  or  Engineer  who  fails  to  provide  for  the  super- 
vision of  manufacture  may  V)e  held  responsible  for  damage  or  loss  of  life 
resulting  from  any  failure  dnrini:  erection  or  thereafter.  The  question  may 
well  be  asked — What  is  the  use?  of  drawing  plans,  specifications,  and  cook 
tiacts,  unless  steps  are  taken  to  detenniDe  that  their  requiiemeiitB  aie 
being  canied  out? 

Supervision  of  the  manufacture  of  bridgework  may  be  made  by  the 
direct  employees  of  an  Engineer  or  <tf  a  Railroad  Company;  and  where  thia 
method  may  be  considered,  the  question  of  economy  as  compared  with  the 
employment  of  Inspecting  Engineers  who  make  a  specialty  of  such  work 
beoomes  a  factor.  The  reasons  for  the  existence  of  the  latter  cla^  are 
primarily  that  the  manufacture  of  atructural  metalwork  is  conducted  at 
varioua  roUing  mills  and  at  one  or  more  fabricating  plants,  is  in  progrees  at 
several  pdnta  at  the  same  time,  and  is  frequently  intennittent.  If  an 
Rngineer  uses  his  own  forces  for  thia  work,  it  ia  eanntial  that  a  number  of 
men  be  empkyed;  and  there  i%  oonaequently,  mudi  waste  of  time  and  of 
traveling  expenaea.  To  meet  thia  aituataon,  the  Independent  Lupooting 
Engineer  eatabliahea  an  oiganiaation  of  eqwrienoed  men  wfao  are  per- 
manently k)cated  at  the  vaiioua  manufacturing  centera,  and,  by  competent 
auperviaion  of  their  work,  makes  use  of  their  time  snnultaneoaflly  over  a 
number  of  contracts,  tliereby  tending  to  effidenoy  and  economy*  Tlie 
overhead  expense  necessary  in  the  operation  and  supervision  of  inspection 
for  any  sins^  contract  ia  less  with  tlie  Inspecting  Engineers,  as  their  normal 
expense  of  thia  nature  is  distributed  over  a  volume  of  worL  The  efficiency 
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ol  ihat  aenriM  can  be  made  at  least  equal  tc  that  of  any  other  inspectors, 
if  the  prinoiplee  of  Selection  referred  to  previously  in  this  chapter  are  care- 
fully followed.  The  Inspection  Company,  presumably,  hiis  a  wade  knowl- 
edge of  shop  methods  and  an  intimate  contact  with  many  shop  maiuifz;ei-s, 
and  from  experience  is  able  to  handle  the  defects  arising  during  manufacture 
with  some  advantage  of  practical  familiarity,  as  compared  with  the  Design- 
ing Engineer;  and  the  former  has  personal  acquaintance  and  constant 
business  relations  with  the  shop  majiagement  which  the  latter  does  not 
possess. 

ECOKOMT  IN  PESFOBICANCB 

The  Inspecting  Engineers  entniste<l  with  the  mill  and  shop  inspection 
of  the  steel  work  of  any  project  have  (hrectly  the  solution  of  the  pr()l)l(Mii  of 
accomplishing  the  desired  result  with  the  least  expenditure  of  effort  and 
money  consist^^nt.  with  first-class  s(»ivice. 

I  The  systematizing  of  the  sen  ice  for  economical  performance  involves 
the  selection  of  inspeetors-in-charge  having  proi)er  exj^erience  in  the  class 
of  work  under  contract,  as  well  as  training  in  the  hantliing  of  the  relations 
with  the  manufacturers,  making  correct  n^ports,  etc.  Where  the  work  is  of 
sufficient  size  and  character  to  warrant  more  than  one  inspector  at  the  shop, 
it  can  be  so  arranged  that  the  assistants  may  be  men  of  lesst^r  experience, 
with  corresponding  saving  in  renmneration,  and  duties  assigned  to  them 
accordingly.  The  assistants  can  supervise  the  routine  work  of  assembling, 
punching,  and  riveting  before  completion  of  the  finished  members,  and 
cleaning,  painting,  weic^uog,  and  loading  before  shipment,  besidee  estimat- 
ing  weighta  and  making  proper  reports,  while  the  chief  inspector  can  be 
made  responsible  for  the  relations  with  the  shop,  the  planning  of  the  work 
to  meet  the  field  conditions,  the  delivery  of  material  from  the  mills,  the 
aetual  inspection  of  finished  membc^rs  for  measurements  and  character  of 
workmanship,  the  shipment  of  material  in  the  order  and  manner  desired  at 
the  building  site,  and  the  making  of  final  reports  to  his  headquarters,  in 
aooordance  with  instructions,  so  that  the  client  can  be  fumiabed  with  a 
oomplete  deBciiptive  report  whioh  will  aerve  as  a  valuable  rooord  of  the 
manufaetore. 

Under  a  pntpv  ^j^slan  of  <wgaiiiMition  there  are  a  nnmb«r  of  connderar 
ilons  in  ocmneetion  with  the  method  of  inapection  which  ahould  have  atten- 
tion, in  Older  that  the  service  may  be  economical  and  successful.  The 
inspectors  at  both  miUs  and  diops  should  be  placed  on  the  work  as  soon  as 
it  starts;  their  instructions  as  to  specifications  and  plans  should  be  prompt 
and  complete;  their  coKipmtion  with  the  miUsdiould  be  sudi  as  to  secure 
the  rolling  and  shipment  of  material  to  the  shop,  in  aooordance  with  the 
order  of  manufacture  there,  so  as  to  prevent  errors  or  discover  defects  as 
early  as  possible  in  the  work,  and  thereby  save  time  m  manufacture  and 
delay  in  shipment,  with  the  additional  advantage  of  avmdmg  being  com- 
pdled  to  alkm  the  work  to  be  patdied  by  corrections;  and  the  ocH)^^ 
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sboukl  be  extended  so  as  to  aeeme  the  «w*g  and  pwlnting  at  tiie  proper 
time,  and  under  oorreot  copditions,  in  <Mxler  to  aave  cost  in  labor,  time,  and 
materiala  ol  repainting^  either  ai  tfae  ahop  or  in  the  fidUL  Tlie  mapeelioD 
should  cover  sudi  eo-operation  with  the  management  as  to  secure  good 
woA  with  the  least  expenaa  to  the  mamilftetiifery  and  tiie  shipment  of 
the  finished  product  at  the  time  and  in  the  order  neoessaiy  lor  eqwditious 
and  economical  erection. 

Much  that  is  stated  in  Chapter  II,  under  the  heading  Economics  of 
Mental  Effort,"  is  important  to  apply  to  the  service  of  inspectors  as  well  aS 
to  that  of  the  Designing;  Engineers.  It  would  be  well  for  the  Inspection 
Finns  and  the  Su|>ervising  Inspectors  to  study  and  practice  the  considera- 
tions referred  to  therein,  and  apply  the  knowledge  gained  to  the  selection 
and  direction  of  their  inspectors  actually  performing  the  duties.  The 
insix'ct^rs  should  \)e  selected  not  only  for  their  ex[)erience  but  for  tempera- 
ment to  fit  them  for  the  verj'  importimt  duty  of  co-operation  with  manu- 
facturers; also  with  regard  to  their  health  and  habits.  In  all  casi'.s  where 
inspectors  have  demonstrated  their  fitness  and  loyalty  to  the  employer's 
interests,  the  direction  of  the  work  should  l)e  handleil  with  ever>'  considera- 
tion for  the  employee  that  is  consistent  with  the  nature  of  the  work  and 
with  other  conditions  affecting  the  cUents'  int4?rest^s.  This  relation  between 
Inspecting  Engineers  and  their  employees  in  charge  of  work  affects  directly 
the  charact^^r  of  tin*  ser\'ice  and,  therefore,  the  economics  of  inspection. 

The  iasjxjction  in  the  held  of  the  placing  of  foundations,  the  building  of 
masonry,  and  the  erection  of  metalwork  needs,  from  an  economic  \new- 
point,  the  same  consideration  as  does  the  manufacture  of  the  bridge  supor- 
stmcture.  The  ins{X'ctors  should  be  men  of  exjxjricnce;  their  duties  should 
be  so  laid  out  as  to  promote  the  progress  of  the  fieldwork,  and  prevent  the 
rejection  and  rebuilding  of  portions  of  the  work;  their  idle  time  should  be 
applied  to  other  features  of  the  project  when  the  actual  fieldwork  does  not 
demand  their  attention;  and  they  should  be  subject  to  the  same  eonaiden^ 
tions  of  the   Economics  of  Mental  Effort." 

In  general,  it  can  very  properly  be  considered  poor  economy  to  have 
ghren  attention  to  the  economics  of  promotion  and  secured  competent 
deogn  and  spedfieations,  and  not  to  have  provided  for  inqieetion  to  make 
sure  of  the  entire  manufacture  and  erection  being  performed  in  strict  CQm- 
plianoe  with  them;  or  to  have  had  incompetent  inspection  by  persona 
inexperienced  and  without  proper  organisation;  or  to  have  failed  to  secure 
a  fair  and  reasonable  compensation  for  Inspecting  Engineers  fuUy  qualified 
1^  experience  and  organisation  to  perform  the  required  aerfiee  in  a  manner 
oommeDsurate  with  its  importance. 
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Without  the  aid  of  a  thoroughly  posted  bri<lp;o-shop  engineer,  it  would 
be  entirely  impracticable  for  anyone  who  is  not  truly  exixu  ienced  in  struc- 
tural-steel manufacture  to  write  at  all  intelligently  upon  the  economics  of 
that  branch  of  bridgowork.  The  author  encountered  great  difficulty  in 
securing  the  needed  aid,  partially  because  the  work  involved  in  the  prepara- 
tion of  the  notes  called  for  many  hours  of  a  busy  man's  time,  but  mainly 
because  those  who  aie  best  posted  on  such  characteiiaticaUy  practical 
matters  are  not  accustomed  to  express  their  thoughts  on  paper. 

Failure  so  to  collect  one's  knowledge  is  a  serious  drawback  to  any  man; 
for  he  never  can  detennine  wherein  that  knowledge  is  hazy  or  lacking  until 
after  he  has  attempted  to  collect,  correlate,  and  systematize  all  that  he 
knows  upcm  the  subject  at  issue.  Many  engineers  and  others,  who  in  times 
past  have  done  the  author  the  honor  of  supplying  him  with  special  infonnft- 
tioDy  have  afterwards  assured  him  that  they  felt  well  repaid  for  the  time  and 
eflfort  which  they  had  devoted  to  the  work,  through  their  increase  in  knowl- 
edge obtained  in  making  the  investigaticHi.  Many  a  time  and  oft  in  his 
professional  career  has  the  author  personally  proved  the  correctness  of  this 
prinoiide;  and  he  eainestly  recommends  hs  serious  consideration  to  the 
younger  members  of  the  fsiginewing  prof essiocL 

Fortunately  in  this  case,  horn  his  old  friend,  Mr.  Ttanas  Earle,  C JL, 
yice-Ftondent  of  the  BetUdiem  Steel  Bridge  Corpoiation,  the  author 
succeeded  in  securing  the  infonnatioin  of  which  he  was  in  search;  and  he 
feeb  veiy  thankful  for  the  aid  rendered,  because  it  is  certainly  a  great 
concession  and  a  red  fa^or,  in  the  case  of  an  esroeedingly  busy  man,  to  take 
the  tiouUe  to  collect  and  qystematiae  the  special  Imowledge  which  he 
obtained  by  many  years  of  hard  woric.  The  most  of  what  fdlows  in  this 
chapter  is  essentiaUy  the  substance  of  the  data  so  courteously  f^imished  by 
Mr.  Earle. 

The  economics  of  design  to  meet  shop  comditkmB  has  been  discussed  at 
length  in  Chapter  XXIII;  and  Mr.  Canady's  contribution  thereto  covers 
yery  thoroughly  the  ground  of  economics  m  the  drafting-room  of  a  bridge 
shop;  hence  there  is  left  for  treatment  only  the  economics  of  doing  the  work 
in  the  shops  themselves,  together  with  certain  allied  economic  subjects. 

The  general  economic  problem  in  shopwork  is  to  attain  a  certain  result 
with  the  minimum  expenditure  of  etTort,  time,  and  money.    Each  piece  of 
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material,  thorefnro,  invist  be  taken  up  as  few  times  as  possible  and  carried 
the  shortest  practituble  distance  in  securing  the  desired  results.  A  pw- 
tion  of  the  problem  must  be  solved  before  any  physical  work  is  performed, 
because  the  design  of  the  shop  will  have  a  large  bearing  upon  it.  The  Con- 
tracting Department  of  the  organiiatioii  is  alao  an  flcnmrniio  iaetor  of  oon- 
aiderable  importance  in  shopwork. 

A  shop  that  is  deoigDed  to  handle  all  classes  of  fabricated  steelwork  inU 
not  handle  any  one  particular  class  to  the  greatest  advantage;  hence, 
before  the  shop  layout  is  made,  this  matter  wiH  have  to  receive  careful 
OCMisideration.    If  a  general  miscellaneous  class  of  fabricated  work  is 
expected,  the  shop  should  be  designed  to  suit  such  mixed  fabrication;  but 
if  the  drcimastances  are  such  that  it  is  probable  that  the  bulk  of  the  manu- 
facture frill  be  of  a  partieular  ehaneter,  it  will  be  advisable  to  design  the 
shop  so  as  to  handle  that  type  of  woik  to  best  advantage.  If  that  is  done^ 
and  if  the  GontraotiDg  Departmoit  of  the  vpgamtiao,  keeps  the  ahop 
filled  most  of  the  time  with  falHication  of  a  different  das^ 
unsatisfaotory,  thus  proving  the  modu»  operandi  to  be  uneoooomie.  It  is 
trae  that  at  oertain  tiinss  it  is  impractieable  to  seeuie  work  of  tl^ 
best  suited  to  the  shop,  and  then  the  results  will  inevitably  be  uneoononoe; 
but  it  is  better  to  keep  the  force  ooeupied  and  everything  moving,  even  at 
a  disadvantage,  rather  than  either  to  dose  down  entirely  or  to  let  a  portion 
of  the  men  be  idle.  In  that  case  it  migjht  eventually  prove  truly  eoonomieal 
to  operate  temporaribr  at  a  small  pecuniary  loss.  Nothing  in  shop  or  office 
is  so  disheartening  or  so  disorganising  as  idleness  of  employees;  and  wiien 
there  is  not  enough  work  on  band  to  keep  everybody  on  the  qui  swe,  the 
general  effort  riaRkens  and  the  effidency  of  the  entire  organiaation  is  km-> 
ered.  For  this  reason,  in  bad  times  it  really  pays  to  do  woric  at  actual  ooet 
or  even  a  trifle  bdow,  so  that,  when  the  revival  of  business  comes,  aU  in  the 
oigimisation  witt  be  ready  to  tadde  the  new  woiriE  with  enogy  ai^ 
If,  during  the  larger  part  of  the  time,  woik  of  the  proper  diaracter  is  going 
through  the  shop,  and  if  the  results  are  particularly  fav(»td)]e,  this  will 
more  than  offset  the  uneconomics  due  to  unsuitable  operation  for  short 
periods. 

The  primary'  economic  feature  of  any  shop-laj'out  is  the  elimination  of 
unnecessary  tiaiisjiortation  and  the  provision  for  rapid  passage  there- 
through of  all  t  ho  mat  crials  which  are  l>eing  fal)ri(  ated.  The  usual  arrange- 
ment is  to  transport  the  metal  longitudinally  through  on  surface  tracks  and 
to  carry  it  transversely  by  traveUng  cranes,  thus  reaching  expeditiously 
every  {xirtion  of  the  floor  space.  In  som(^  shops  the  ears  are  ])ushed  along 
the  tracks  by  man  power,  while  in  othei-s  electric  or  gasoline  energ>'  is 
employed.  In  these  days  of  almost  universal  power  operation  and  of  high- 
priced-lal)or,  it  certainly  is  economij*  to  use  jxnver  for  traction  purposc^s. 
Of  course,  the  cranes  are  op(^rate(l  electrically.  Sometimes  they  are 
handled  by  s|x^cial  oj)erators  who  ride  on  them,  hut  often  by  the  workmen 
on  the  floor  by  means  of  hanging  ropes  arranged  in  a  veiy  ingenious 
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manner,  so  as  perfectly  to  oontrol  all  the  opentioDB  of  the  moving 
apparatus. 

Assuming  that  the  work  to  be  fabricated  is  nusceOaneous  bridgewoik, 
including  movable  spans,  there  are  certain  factors  rekting  to  major  opera- 
tions and  numerous  others  that  pertain  to  specific  parts  of  the  work;  and 
aH  of  them,  according  to  their  effectiveness,  infliience  mote  or  less  the 
flenerai  ecofkomiOB  of  theshopworic 

Principal  Economic  Factors 

The  most  important  factors  covering  all  operations  are  fight,  boat,  ven- 
tilation, space,  handling  of  work,  and  management  of  men.  Thr  first  four 
are,  of  course,  dependent  upon  shop  design;  but  if  they  did  not  reci  ivo 
proper  consideration  at  the  time  the  shop  was  planned,  a  study  should  be 
made  in  relation  thereto;  and  any  resulting  proposed  changes  that  promise 
to  provide  more  economic  fabrication  should  be  inaugurated  with  the  least 
possible  delay.  A  relatively  small  amount  of  money  saved  every  day  will 
warrant  the  expenditure  of  a  considerable  sum. 

Similar^,  it  is  truly  an  economic  policy  to  scrap  any  tod,  machine,  or 
apparatus  which  can  be  replaced  by  one  of  decided^  greater  efficiency,  even 
if  the  one  condemned  be  practicalty  new.  Kconomie  xesults  are  what 
should  be  striven  for,  regardless  of  the  difficulties  and  expenses  that  are 
inevitably  inherent  in  the  making  of  changes.  It  is  this  willingness  of  the 
American  manufacturer  to  scrap  aH  apparatus  that  can  advantageouely  be 
replaced  by  something  more  effective,  which  has  often  given  him  the 
supremacy  over  his  foreign  competitors.  It  is  the  tru|ymp-to-date  operator 
who  proves  most  successful  in  his  business. 

LlORT 

A  well-lighted  shop  is  norossarv  to  oiial)lp  tho  mm  to  road  the  drawings 
readily,  to  decipher  tho  marks  on  the  metal,  to  find  the  material  expedi- 
tiously, and  to  iissemble  it  properh'.  Good  light  makes  it  possible  to 
handle  the  metal  rapidly,  to  inspect  the  work  effectively,  and  to  detect 
errors.  It  makes  the  shop  safer  and  more  pleasant  to  work  in ;  and  it  has  S 
beneficial  psychological  effect  upon  the  spirits  of  \hv  men,  because,  when 
everything  about  the  place  is  bright  and  cheerful,  they  not  only  operate 
to  great^^r  advantage  but  their  brains  function  better,  with  the  ultimate 
result  of  a  largely  increased  output. 

By  painting  the  interior  of  the  shop  throughout  in  white  and  keeping  the 
paint  comparatively  clean  through  frequent  washings  and  occasional 
renewal,  the  visibility  of  everything  which  it  contains  is  greatly  aug- 
mented, both  in  daylight  and  after  dark,  provided  that  a  proper  system  of 
electric  lighting  is  installed  and  maintained.  It  does  not  pay  to  retain  old, 
dim  lamps ;  hence  a  supply  of  fresh  ones  should  be  constant^  on  hand  and 
installed  whenever  necessary.  Moreover,  powerful  lamps  should  always 
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be  used,  because  the  small  amount  of  electric  current  saved  by  employing 
weak  ones  is  a  hagatellfl  in  oompaiieoii  with  the  benefits  oUabied  througlb 
anmle  lightiiw  eaoaoilar. 

Heat 

While  in  the  past  some  bridge  shops  have  been  ran  dnriog  the  winter 
months  without  heat»  the  furnishing  of  a  reasonable  amount  of  it  then  wil 
aasoredly  result  in  a  sufficient  inoraaae  of  tonnage  in  a  given  period  to  pay 
for  several  times  its  cost.  No  man  who  is  unoomfortaUy  cold  iHieii  housed 
can  wink  to  advantage,  althougli  it  is  tnie  that  out-of-doon  laborm  in 
winter  often  have  to  keep  busy  in  order  to  maintain  the  necessary  blood 
circulation*  80  much  attention  has  been  paid  in  late  years  to  the  oondi- 
tions  under  which  labor  operates  that  it  is  probabte  that  at  the  present  tinie 
in  most  of  the  northern  states  it  would  be  impossible  to  induce  men  to  woik 
during  the  winter  months  in  an  unheated  shop.  It  is  certain  that  suefa  a 
diop  would  not  attract  the  best  character  of  labor;  and  efficient  worioneo 
are  essential  to  the  productioii  of  economic  vesultB.  I 

VliMnLA,9ION 

In  most  bridge  shops  certain  operations  involve  the  production  of 
considerable  quantities  of  smoke  and  gas ;  and  it  is  essential  to  arrange  for  j 
their  removal  as  rapicQy  as  generated.  The  men  cannot  do  satisfactoiy 
work  unless  they  have  a  sufficient  supply  of  fresh  air;  and  the  atmosphere 
they  breathe  should  be  free  from  gases  and  odors.  Even  though  these  be 
not  actually  harmful,  their  existence  militates  against  economy;  beeauee^ 
when  such  oclors  are  perceptible,  the  workmen  seem  to  get  the  impreasKHi 
that  all  of  their  ordinary  ills  and  discomforts  result  therefrom.  The 
importance  of  ventilation  is  greater  where  the  design  of  the  shop  is  such  that 
overhead  traveling  cranes  are  operated  by  men  located  near  the  roof,  as 
the  heat,  smoke,  and  gases  accumulate  there  and  make  it  impossible  lor 
these  men  to  handle  their  work  properly.  | 

Spacx 

The  shop  should  he  so  designed  that  all  of  the  work  of  any  particular 
character  can  Im?  done  in  a  space  by  itself;  and  sufhcient  area  should  l>e 
providcfi  for  hamlliiiu;  tlic  niaxiinuin  output  of  material  for  each  operation 
throughout  the  shop.    For  instance,  if  tlie  s])ace  devoted  to  maniing  be 
insuflicicnt,  the  shf)]i  up  to  that  point  will  l)econie  over-crowded  with  j 
material  ready  for  rejuning,  the  shop  beyond  will  not  contain  sui&cient  i 
material,  and  tlie  tonnage  of  the  work  going  through  will  be  hmited  because 
of  the  lack  of  space  in  this  particular  area.    It  is  just  as  important  to  have  ' 
enough  space  for  each  operation  as  it  is  to  have  sufficient  total  space.  If 
it  be  found  that  thoro  is  a  lack  of  space  in  certain  areas,  and  if  more  qMMSe 
cannot  be  secured  at  these  points,  the  trouble  will  have  to  be  overoome  as 
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anudi  as  poflBn^  by  pladxig  particular 

making  special  efforta  to  pievent  their  work  from  being  delayed  by  tbe 
other  operations.  Material  moat  be  ready  for  them  as  soon  as  they  can 
handle  it,  and  it  must  be  taken  away  from  them  as  soon  as  they  have 
finished  with  it.  This,  of  course,  involves  some  increase  in  eaq>ense,  but 
the  additional  toniiiige  secured  in  a  given  time  wiU  amply  warrant  the 
extra  cost. 

Handuno  or  WoBX  • 

The  four  factors  of  light,  heat,  ventilation,  and  space,  all  dependent 
upon  shop  design,  have  a  direct  bearing  upon  the  proper  planning  of  the 
passage  of  the  work  through  the  shop.  A  proper  planning  system  is  one  of 
the  most  important  factors  in  shop  economics;  and  certainly  it  would  not 
work  out  satisfactorily,  unless  there  were  sufficient  hght,  heat,  ventila- 
tion, and  space.  Such  a  system  should  provide  for  the  location  and  move- 
ment of  the  material  from  the  time  it  is  delivered  at  the  shop  until  the  time 
it  is  ship])c(l  therefrom.  The  Shop  Manager  should  always  be  able  to 
ascertain  inmiediately  in  exactly  what  portion  of  the  shop  any  particular 
material  is  located.  Special  stress  should  be  laid  upon  the  imf>ortance  of 
having  ample  space  for  the  raw  materials  as  they  are  received  from  the 
mills.  Some  years  ago  this  was  neglected,  resulting,  in  the  case  of  large 
shops,  in  unsatisfactory  operation,  as  it  was  impossible  to  locate  and  bring 
into  the  shop  any  particular  material  on  short  notice. 

There  is  an  ideal  feature  of  economics  in  shop  practioe  that  should  be 
adhered  to  when  it  is  possible,  via.,  the  continuous  passage  of  all  material 
in  one  direeUen  through  the  shop.  This  is  not  always  feasible;  but  it  ia 
the  general  experience  that,  whenever  the  principle  is  violated  by  carrying 
material  backward,  progress  ia  interfered  with,  ou^t  ia  kasened,  and  unit 
cost  of  production  ia  increased. 

Management  of  Men 

The  efficient  management  of  the  workmen  ia  one  of  the  most  important 
factors  in  shop  economics;  because  the  maximum  of  output  can  only  be 
attained  by  having  each  man  in  the  shop  labor  to  his  limit  of  efficienc}^  all 
work  together  harmonioiiBly,  and  all  act  in  coiioert  under  a  aoientificaUy- 
laid-out  programme. 

If  workmen  are  to  develop  one  hundred  per  cent  of  efficiency,  or  aqy* 
thing  like  that  amount^  they  must  be  well  fed,  propeily  houaed,  com- 
fortable in  their  aunoundinga,  happy,  interested  in  thebr  occupation,  con- 
tented with  their  recompense,  and  amuaed  in  their  leisure  hours.  Some  of 
the  broad-gauge  managers  of  bridge  sbopa  are  reongniiing  these  require- 
ments, and  are  endeavoring  to  fulfil  them  in  various  ways.  For  instance, 
cafeterias  are  being  established  for  the  empk^yeee,  where  good,  plain,  whde- 
Bome  food  ia  served  at  actual  coat;  lihrariee  and  reading  rooms  are  being 
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provided;  comfortable  cottages  with  all  modem  improvements  are  beiDS 
built  and  rented  to  the  men  at  low  ratoi;  plagrgrounds  are  being  inaugu- 
rated; and  opportunities  for  large  ^^"•"'"eg  are  being  afforded  by  the 
adoption  of  the  flgrstem  of  pieoe-worii:.  If  a  method  of  annual  profit-sharing 
like  that  advocated  by  the  author  and  eoqxiunded  in  Chapter  XXXIII 
were  adopted,  in  addition  to  the  other  welfaie  methods  just  mentimiBd, 
most  of  ibe  labor  troubles  in  bridge  shops  would  disappear.  Great  eare 
should,  however,  be  eiercised  in  giving  the  emidoyees  tmusual  privilegeB  or 
lewardft,  as  these  may  do  more  hann  than  good  if  the  employee  does  not 
fed  that  they  are  due  to  special  effort  and  that  he  is  receiving  them  as  a 
payment  for  wprk  that  he  has  performed.  There  has  recently  been  too 
much  talk  for  rights  vrithout  consideration  of  duties.  Ri^ts  result  only 
from  the  performance  of  duties.  It  is  most  hnportant  in  the  interest.of 
true  economy  that  the  amount  of  each  wotkman's  compensation  shall  be 
proportionate  to  the  efl5eien<^  ol  his  accomi^ishment.  A  flat  scale  of 
wages  is  abeolut^  destructive  to  progress,  output,  initiative,  and  economy. 

Safety  Consioekationb 

Eveiy  effort  made  both  the  management  and  ihe  employees  to 
increase  the  safety  d  the  woikmen  is  a  step  in  the  line  of  true  eoonomy. 
Each'  accident  in  the  shop,  no  matter  how  trivial,  causes  immediately  more 
or  less  delay,  and  often  incapacitates  one  or  mate  men  for  some  tima 
Notwithstanding  the  fact  that  such  men  may  be  replaced  quickly,  their 
successors  naturally,  for  a  while  at  least,  are  not  as  efficient;  hence  progress 
is  impeded  by  the  failure  of  the  new  men  to  function  effectively. 

A{!;ain,  many  of  the  injured  men  return  to  their  work  out  of  condition — 
some  of  them  permanently  so,  for  inst4ince  with  the  loss  of  a  finger  or  an 
eye.  Then  there  must  Ijc  considerctl  Uving  expenses  and  doetor's  bills 
during  the  enforced  al).senre  from  work.  Somebody  has  to  pay  these;  and 
while  in  the  end  tliey  are  borne  hy  soi'iety,  they  are  carried  primarily  by  the 
shop;  and  that  shop  which  is  freest  from  accidents  has  the  lea^^t  expense  on 
that  account.  Other  things  being  equal,  it  can,  therefore,  sc'cure  the 
largest  percentrige  of  profit,  (lenerally,  too,  the  workman  has  to  be  com- 
pensated for  his  injury,  which  is  another  economic  factor  of  importance. 
Possibl}',  insurance  will  cover  this;  but  often  the  company  luus  to  pay  it. 

Much  might  b<'  said  from  the  himianitarian  point  of  view  concerning  the 
prevention  of  accidents;  but  tliis  is  a  treatise  on  economics,  not  ethics. 
Viewed  from  ev(»rv  possible  angl(\  it  is  in  the  line  of  true  economy  for  the 
company  to  take  every  precaution  to  prevent  accidents  in  the  shop;  for 
safety  and  efficiency  are  inseparal)le.  To  this  end  the  responsibihty  should 
be  laid  upon  one  of  its  officers  whose  duty  it  would  be  to  anticipate?  all 
possible  accidents  in  the  shop  and  take  measures  to  prevent  their  occur- 
rence. This  could  he  accomplished  in  various  ways,  among  which  might 
be  mentioned  the  foUowing: 
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A.  'Bmpetfy  gnaidmg  the  ninmog  parts  of  aU  maehinety. 

B.  Frequent  inspectkm  of  aU  madiinea  of  which  the  faOure  oould 
iojuie  anybody. 

C.  Modifioatkm  of  maohineiy  that  is  eaBaQtiaOy  dangerous  in  any 
particular. 

D.  Foeting  of  efficient  waniin0B  around  the  buiMingi,  calling  attenUon 
to  pOBBible  daogera. 

£.  Keeping  the  floon  clean  bo  that  they  will  not  become  fdippeiy. 

F.  Fkevention  of  eoDoeBBive  or  injuiiouB  dust  in  the  atmoqihere  of  the 
shop. 

G.  Oocaaooal  lecturea  to  the  woikmen  instructing  them  as  to  what 
they  diould  do  to  avoid  accidents. 

H.  Distiibution  of  pamphlets  treating  of  important  matten  of  safety, 
sanitation,  hyifjene,  and  like  subjects. 

I.  Having  avdlable  at  all  times  a  surgeon  to  care  for  anyone  who, 
in  spite  of  all  precautions,  may  be  injured. 

Smoking* 

Smokinp  in  the  shop,  for  spvoral  good  ro:isons,  is  an  uneconomic  practice 
and  should  ncvrr  \>v  pciiiiittod.  In  the  tiist  phico,  it  causes  danger  from 
fire;  in  the  second,  it  occupies  a  (]uite-consideral)le  portion  of  employees* 
time  that  should  be  devoted  to  work;  and  in  the  third,  no  man's  mind  can 
act  iu^  keenly  when  his  system  is  under  the  soporific  influence  of  nicotine  as 
it  can  when  free  from  the  effects  of  that  narcotic.  Very  few  firyt-i'lass 
shops  nowadays  jH  iinit  smoking  on  the  premises.  The  restrictions  against 
smoking  apply  with  even  more  force  in  the  drafting-room  than  they  do  in 
the  shop;  for,  in  adtlition  to  the  objections  just  noted,  it  might  pertinently 
be  stated  that  the  dropping  of  hot  ashes  from  cigarettes  onto  tracii^  cloth 
is  not  specially  conducive  to  economy.  If  a  man  must  smoke,  let  him  do  it 
out  of  working  hours  and  not  upon  the  company's  premises,  unless  there  be 
provid(H^l  a  smoking  room  for  use  during  the  luncheon  hour  and  after  one's 
day's  work  is  done. 

* 

Anticipating  Troubles 

AH  officials  of  the  company  should  make  it  their  busmesB  to  tiy  in  eveiy 
possible  manner  to  anticipate  and  forestall  accidents  or  occurrences  of  any 
kind  tending  to  interfere  with  shop  operations  or  to  reduce  efficiency, 
quality  of  woikmanship,  or  output.  Conferences  of  officials  should  be 
held  from  time  to  time  for  the  purpose  of  discussing  this  and  other  matten 
relating  to  the  general  welfare  of  tiie  works  and  the  woikmen. 

*  Mr.  Eaite  deenu  the  attthar  to  be  a  bit  drastio  in  his  views  on  the  vneoononUoB 
of  snokioK* 
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Standabduatxon  * 

There  are  few  matters  of  such  hnportanoe  for  effideooy  and  eoonomics 
ae  that  of  etandardisation;  and  it  should  api^  not  oi^y  to  tools  and  imwI- 
uet  but  also  to  the  opmJtkm  of  the  workmen.  The  motkm-study  expert 
has  proved  oondusively  that  every  body  wastes  a  eertain  portkm  of  his  time 
and  energy  in  all  of  his  operations;  henee  it  would  be  economic  to  make  a 
study  of  aU  worionen's  motions  and  indicate  to  them  what  they  flfaoald  do 
inoidertoeoneetatleastthemoet  glaring  of  such  faults.  This  has  already 
been  tried;  and  the  good  results  effected  have  been  surprising.  Probably 
the  motion-«tudy  expert  who  secures  the  best  results  is  the  foreman  who  sees 
that  the  men  learn  how  to  do  their  work  without  loss  of  motion,  and  then 
trcatij  tlicm  ia  buch  a  manner  as  will  make  them  wi&h  to  stay  where  they 
are. 

• 

Stock  Materials 

The  amount  of  stock  material  that  is  kept  on  hand  is  one  of  the  deter- 
mining factcHB  in  the  size  of  space  required.  It  is  influenced  by  the  char- 
acter of  the  woriL  done,  and  is  dependent  upon  whether  a  waiehonae  suppily 
of  material  is  promptly  avaflable.  If  quicdc  shipments  are  to  be  made  and 
high  prices  obtained  for  them,  a  considerable  amount  of  stock  material  will 
have  to  be  kept  on  hand;  and  it  should  be  stored  under  shelter  so  as  to  be 
protected  from  rusting.  A  day  is  coming,  and  it  may  not  be  far  distant, 
when  the  purchaser  of  a  bridge  will  insist  that  the  structure  diall  be  manu- 
factured of  metal  ^Hdiich  has  never  been  attadced  seriously  by  rust  or  haa 


*Goiio«iiiiig  this  daiM  and  the  nost  mienwding  om^  Mr.  Bade  htm  iwmmanftjMi 
letter  at  foOam: 

I  wish  to  comment  aomowhnt  on  whnt  you  say  under  the  alx)vc  heading,  in  ronneo 
tion  with  what  you  say  tinder  tlio  hcjiding  of  Stock  Materials.  The  question  of  Standard- 
ization Hi*  n>la)in^  to  ccouoniy  of  shopwork  is,  of  course,  the  smaUer  portion  of  the 
economy  of  Slundardizution ;  for,  so  long  as  eacli  engineer  wishes  liia  bridges  built  to  his 
own  q>ecififlatioii  and  design,  it  would  be  imeocmoniical  for  the  Oiop  to  store  atoel  under 
eover.  It  ia,  to  my  mind,  abeolutely  undefenajWe  for  etandard  bridgae  of  etandaid  kngtha 
to  be  built  in  aoooidancc  with  the  varioUB  ■peeificationa,  as  Is  now  being  donew  *  Deok 
plate-girder  spans,  through  plate-girder  spans,  and  truss  spans  of  two  or  three  tjrpea  can 
be  built  to  standard  spccificaf  ions  and  standard  loading  and  will  give  absolutely  as  good 
service  on  the  New  York  CVntral  R.ll.  as  they  will  on  the  Pennsylvania  R.R.  or  on  the 
Chicago  &  Northwestern  R.R.,  or  any  other  railroad;  and,  as  far  as  we  can  tell  at  the 
present  time,  tbe  life  of  a  bridge  under  one  good  apecifieatioa  is  the  ■ame  aa  the  life  of  a 
aimilar  bridge  under  another  good  epeetfieatioiL  U  all  aaehbridgsa  were  built  In  aoooid- 
ancc with  a  standard  design  and  specification,  it  might  then  be  economical  tar  the 
Bridge  Shop  to  keep  material  for  such  struct urrs  under  cover.  The  manufacturers 
would  then  know  that  it  would  ho  s;ifo  to  do  this;  for.  if  th»\v  did  not  sell  to  one  rus- 
tomer,  they  could  sell  to  another.  Incitlent^illy,  this  would  l)e  a  great  advantage  to 
customers;  because,  if  they  should  want  a  bridge  in  a  great  hurry  on  account  of  a 
flood  or  other  aoddent,  it  could  undoubtedly  be  secured  without  delay  ftom  a  ahop 
having  euoh  a  bridge  in  pfoces  of  manufacture. 
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bMn  sUwed  or  kept  f  or  any  leDgth  of  time  m  any 
weather. 

Stoek  material  ahould  be  ordered  to  aiich  specifioatiollBaB  wOlpermit'of 
its  employment  in  oomiectkm  with  the  uaual  elaaa  of  work  going  through 
the  shop.  Each  metal  aeetion  ahooki  be  kept  by  itself;  and  the  vaiioua 
lengths  thereof  should  be  stored  in  separate  pike.  The  storage  ground 
should  be  divided  into  various  areas;  and  records  sbmild  be  kept  of  the 
location  of  the  materials  in  these  areas.  It  is  only  in  this  way  that  the  Con- 
tracting Department  would  be  warranted  in  promising  early  shipment,  in 
order  to  secure  ordnrs  at  favorable  prices.  It  is  essential  for  the  satis- 
factory and  economical  running  of  the  shop  that  both  stock  materials  and 
contract  materials  can  be  delivered  promptly  to  the  machines  as  soon  as  it 
is  decided  to  call  for  them. 

In  the  case  of  special  material  for  contracts,  just  as  soon  as  it  is  received 
from  the  mills  it  should  be  stored  in  the  units  in  which  it  is  later  to  Ix; 
brought  into  the  shop,  the  said  units  beinp  the  metal  called  for  by  a  bill 
of  material,  or  shown  on  a  drawing,  or  intiicated  by  some  combination  of 
these  methods.  A  record  should  be  kept  of  its  location,  so  that,  when  the 
templets  are  completed  and  the  shop  is  ready  to  take  up  the  work,  it  can  be 
delivered  in  complete  units;  and  it  should  then  be  carried  through  the  shop 
in  such  units.  Too  much  stress  can  liardly  be  laid  upon  the  desirability  of 
bringing  in  material  complete  in  units,  as  the  lack  of  any  portion  thereof 
would  hold  up  in  the  shop  a  large  part  of  the  balance  of  the  material  of  this 
particular  unit;  and  this  material  would  clog  up  the  shop  and  either  pre- 
vent other  material  from  going  through  or  allow  it  to  paas  on]y  at  additional 

SiTPPLT  or  Labob 

For  several  years  past  the  mxpgHy  of  suitable  labor  for  fabricating  shops 
has  been  limited;  and  there  is  no  reason  to  assume  that  there  will  soon 
be  any  improvement  in  this  respect — ^in  fact  the  evidence  at  the  present 
time  is  to  the  effect  that  the  difficulties  will  be  aggravated  rather  than 
ameliorated;  and  this  condition  must  receive  due  thought  in  considering 
shop  eoonomics.  The  character  of  the  shop  and  the  way  in  which  the  work 
goes  through  it  have  an  impoitant  bearing  upon  the  seeuriiig  of  a  sufficient 
force  of  capable  empkiyees. 

It  is  of  the  utmost  unportanoe  that  a  pennanent  foroe  of  weOptndned 
workmen  be  established.  Eveiy  legitimate  effort  shoukl  be  made  to  retain 
the  sendees  of  oapable  and  efficient  workmen,  beeause  the  breaking  m  of 
each  new  njau  costs,  in  various  ways,  considerable  money.  There  is  an 
immense  difference  between  both  the  qualt^  and  the  quantity  of  the  dufy 
accomplishment  of  the  trained  workman  and  that  of  one  who  is  not  experi- 
enced. As  one  walks  through  a  bridge  aliop,  even  on  a  short  visit,  by 
watchmg  for  a  few  mmutes  the  men  at  work  he  can  readily  distinguish 
between  those  who  are  experienced  and  those  who  are  not;  andwhenanew 
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shop  is  ofiened  with  untramed  worianen,  it  takes  maogr  moothB  to  bfiog  it 
into  any- ooiiditkm  at  att  appmching  the  ide^ 

Tool  EiouiniMNT 

A  comparatively  large  expenditure  is  warranted  for  securing  labor-sav- 
ing tools.  Labor  is  a  verj'  undepcndablc  t  leiHent;  but  the  tools,  if  given 
proix'r  attention,  will  take  care  of  tlie  work  at  all  times.  In  the  cav«K*  of 
shops  of  equal  capacity,  the  difficulties  of  running  them  succossfully  seem  to 
increaae  about  in  proportion  to  the  square  of  the  number  of  men  employed. 

Shop  Fuxxbs 

The  character  of  the  sho])  fl(K)rs  has  an  influence  on  production,  Ix^causc 
it  has  an  effect  on  the  character  of  the  labor  that  can  be  secured  and  also 
upon  the  amount  of  work  that  cpn  be  perfonned  in  a  given  time.  The 
floors  should  be  level,  clean,  in  pood  repair,  and  not  too  hard.  A  wood- 
block floor  seems  to  meet  these  concUtions,  as  it  can  be  kept  clean  and  level, 
is  not  too  hard,  is  long  hved,  and  can  be  repaired  quickly  and  economically. 
It  is  not  cold,  and,  when  kept  clean,  it  is  not  slippery* 

SiBAIGHTENINa  MSTAL 

A  oertain  amount  of  material  as  it  comes  from  the  mills  is  not  sufficiently 
straight  to  be  used  in  the  condition  in  which  it  is  received,  if  the  result  is  to 
be  a  fii-st-class  product.  Straightening  by  hammers  is  unsatisfactory  and 
expensive,  and  it  Is  prohibited  by  many  specifications.  The  best  results 
can  be  secured  by  the  installation  of  straichtening  rolls  for  plates  and 
angles  and  rolls  or  presses  for  channels  and  1-bcams, 

Makiunq  Metal 

Hie  wariring-oiy  of  the  material  fa  largdy  done  by  hand;  and  efficient 
applianoeB  should,  therefore,  be  provided  for  handling  and  faoldiog  the 
individual  pieoea.  Jib-eranes  ixt  traveling  waU-cranes  are  suitable  for 
Bueh  mampulation.  Thqr  should  have  either  electrio  or  quick  air  hdsts, 
and  should  be  operated  from  the  floor.  Overhead  cranes  should  be  pro- 
vided for  ddivering  materials  to  the  proper  lODe  and  for  removing  tbem 
therefrom.  Ftoper  ddds  should  be  fundshed  on  which  the  material  oan 
be  mariced  off  and  stored. 

Trimming  and  Cdttino 

As  trimming  and  cutting  of  metal  in  the  condition  in  which  it  comes 
from  the  mill  are  always  required,  the  necessary  space  and  tools  should  be 
provided  for  doing  this  work  either  b(»fore  the  material  is  marked  off  or 
before  it  fa  punched.  Among  the  tools  that  might  be  mentioned  are 
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angle,  beam,  and  plate  shears;  coping  macliines  for  coping  I-beams  and 
channels;  planers  for  trimming  the  odg;os  of  plates;  planing  or  milling 
machines;  and  machines  for  ending  stitTeners  and  chamfering  them  so  a.s  to 
fit  the  flange  angles.  Planing  or  chamfering  machines  can  be  designed  with 
one  head  fixed  and  one  movable,  so  as  to  pennit  the  setting  of  the  heads  a 
given  distance  apart,  whereby  both  ends  oi  a  number  of  stiffeners  can  be 
chamfered  at  one  setting,  and  alL  the  dujdieato  pjeoea  chamfered  while  the 
heads  aie  a  ghren  diataaoe  apart 

Ponchuvq 

In  punching,  the  material  has  to  be  liandled  in  individual  pieces.  Jib- 
cranes  or  traveling  wall-cranes  should,  therefore,  cover  the  tool  area;  and 
overhead  cranes  should  be  provided  for  transferring  the  material  to  and 
frain  the  punches  in  quantities.  As  an  alternative,  facilities  for  trucking 
the  said  material  in  quantities  might  be  provided.  Pimches,  to  as  great  an 
extent  as  possible,  should  be  equipped  with  spacing-tables  of  some  of  the 
wkius  standard  designs;  and,  where  practicable,  the  pimcfaing  should  be 
done  by  spacing  machines.  The  cost  of  punching  a  given  number  of  holes 
Is  reduced  thereby,  the  marking-ofT  of  the  material  is  eliminated,  and,  in 
meet  cases,  the  cost  of  templet-making  is  diminished.  It  is  also  possible  to 
punch  a  larger  number  ol  holes  within  a  given  time;  and  the  increase  in 
capacity  of  the  Punch  Shop  would  make  spacing-punches  economical,  even 
if  the  actual  cost  of  doing  the  wortc  were  the  same.  In  addition  to  this,  as  a 
rule,  the  wotk  m  more  accurate,  which  condition  militates  for  eoonGmy,  in 
that  the  fitting^  is  fadlitated. 

It  is  probable  that  more  small,  labai>eaving  devices  have  been  intro- 
duced in  Punch  Shops  than  in  any  other  part  of  the  fabricating  plant — 
Bueh,  for  instance,  as  electricaQy-operated  gags,  ball  tables,  punching 
through  wooden  or  pasteboard  temj^ets,  using  a  model  and  applying  the 
principle  of  the  pantagraph,  etc 

Dbillino 

Many  bridge  specifications  re(}uire  metal  of  over  a  certain  thickness  to 
be  drilled  instead  of  punched;  and  often  such  drilling  really  proves  to  be 
more  economical  than  the  punching.  The  shop,  tlici cfore,  that  is  going  to 
handle  heavy  bridgework  has  to  have,  in  addition  to  its  punching  equip- 
ment, a  sufilcient  number  of  power  drills  to  permit  the  drilling  from  the 
soUd  of  a  considerable  tonnage  of  metal.  If  the  shop  is  designed  especially 
for  this  class  of  work,  sufficient  drills  should  be  provided  to  handle  from 
fifty  to  seventy-five  per  cent  of  the  noimal  output  of  the  shop.* 


*The  author  pmlirts  that  it  will  not  be  nuuqr  years  lu'fore  all  important  steel 
bridgework  will  l>e  drilled  solid,  and  that  the  IncfMnd  oost  of  lo  doiiig  will  amoiint 
{■metica^y  to  lero. 
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Stobags  of  Punghkd  Metal 

Aa  H  Is  not  poeaiUe  in  a  shop  handling  a  large  tonnage  to  puiiefa  or  drill 

aO  of  the  material  for  a  particular  unit  at  the  same  time,  sufficient  space 
should  be  provided  in  the  Punch  Shop,  or  the  Assembling  Shop,  or  between 
them,  for  the  storage  of  punched  or  drilled  material,  so  that  when  the 
Assembling  Shop  is  ready  to  start  on  the  assembling  of  a  given  unit,  or 
any  part  thereof ,  the  metal  can  be  located  and  delivered  to  the  afisembiers  as 
wanted. 

AwmjiffiiTTfl 

The  planning  sj'stem  should  also  provide  for  the  perfonnance  of  second- 
ary oi^erations,  if  necessar>%  before  the  delivery  of  the  material  to  the 
Assemblers.  Angles,  plates,  etc.,  frequently  have  to  Ix'  bent  before  or  after 
punching,  and  sheared  edges  of  plates  have  to  hv  planed;  and  the  assem- 
bling work  should  not  be  held  up  by  any  of  these  operations. 

As  the  assemblers  handle  the  material  in  mill  sizes,  they  require  cranes 
for  the  rapid  manij^ulation  and  holding  of  same  while  lussembling.  These 
cranes  should,  preferably,  be  operated  from  the  floor.  Overhead  cranes 
should  be  provided  for  handling  the  finished  ]iieces.  The  assembling  area 
should  be  equipped  with  level  skids  at  such  a  height  above  the  floor  as  to 
permit  of  accurate  and  rapid  assembling.  It  is  important  that  the  skids  be 
truly  level,  80  that  the  material  assembled  thereon  will  be  straight  and  out 
of  wind. 

If  girders  are  assembled  in  a  vertical  position,  cast-iron  bases,  or  some- 
thing similar,  should  be  provided  for  holding  them  during  the  assembling. 
These  bases  should  be  of  such  a  character  that  the  bottom  flanges  of  the 
girdem  can  be  readily  clamped  thereto,  in  order  to  prevent  the  ginkn  from 
falling  over.  The  tops  of  the  bases  should  beat  tlie  same  elevation;  and, 
if  the  girdeiB  are  to  be  cambered,  steel  fiUing-pieoee  oen  be  plaoed  above  the 
bases,  so  as  to  provide  the  camber  desired.* 

Ppesent-<lay  specifications  for  bridgework  provide,  in  the  case  of  a  lartre 
portion  of  the  work,  that  the  rivet  holes  shall  be  reamed  after  assembliiii^. 
This  requirement  renders  necessary  the  furnishing  of  a  complete  reaming 
equipment;  and,  in  the  end,  economy  will  result  if  the  reaming  capacity  is 
sufficient  to  take  care  of  the  entire  output  of  the  shop.  Even  though  the 
specifications  do  not  recjuire  it,  economy  will  result  from  the  reaming  of  all 
rivet  holes  after  assembling.  The  reamers  should  be  power-diiven  and 
capable  of  l>eing  forccnl  up  to  the  capacity  of  the  drills. 

Level  skids  should  be  furnished  in  the  reaming  area  on  which  the 

*  The  author  deems  the  cambering  of  plate-girders  to  be  abaohitdy  unneceasary 
and,  oonnquently,  uneconomie. 
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material  can  be  reamed,  and  aa  wMeli  it  can  be  atoied  so  as  to  ranain 
straight  and  out  of  wind.  Onerfaead  traveling  erenea  abodd  be  provided 
for  convey iDg  the  material  to  and  from  the  reameiB. 

RlVJH'UKI 

Rivets  should  be  driven  as  much  as  possible  by  power  machines;  and 
machines  of  different  types  should  be  provided,  in  order  to  be  able  to  drive 
the  greatest  number  of  rivets  practicable.  These  machines  should  have 
ample  power,  because  tight  rivets  should  be  secured  throughout  the  work 
the  first  time  they  are  driven,  the  expense  of  cutting  out  and  redriving 
rivets  being  thereby  reduced  to  a  minlmiim.  Portable  riveting  machines 
probably  give  the  best  results,  as  it  ia  more  economical  to  move  a  compara- 
tively light  riveting  machine  than  it  is  to  shift  a  heavy  piece  of  bridgework. 
Machines  can  be  quickly  handled  and  the  rivets  can  be  rapidly  driven,  if 
the  machine  is  suqiended  from  a  waU^crane  or  a  jib-crane.  These  cranes 
can  be  operated  from  the  floor  by  one  of  the  riveting  gang.  The  bridge 
members  can  be  transferred  by  traveling  waUrcraneSi  oveiliead  cranes,  or 

M  UVAB. 

MnuNQ  AND  Planino 

Certain  members  of  trusses,  columns,  and  sometimes  even  girders  have 
to  have  their  ends  planed ;  iuu\  various  machines  have  been  built  for  this 
work,  a  rotarj-"  planer  being  generally  the  most  economical.  Milling 
machines,  however,  have  been  used.  No  matter  which  type  of  machine  is 
employed,  economy  will  result  by  having  it  furnished  with  two  heads,  one 
of  which  travels  on  the  ways  of  the  apparatus.  This  permits  the  heads 
to  be  set  at  a  given  distance  apart,  and  both  ends  of  the  piece  to  be  planed  or 
milled  at  the  same  time,  duplicate  pieces  being  finished  without  re-setting 
the  movable  bead. 

BOBINO 

Double-headed  horizontal  or  vertical  boring  machines  should  be  pro- 
vided with  one  head  traveling  on  the  ways  of  the  machine,  so  that  the  pin 
holes  can  Ix'  bored  at  an  exact  distance  apart.  For  duplicate  parts  there 
will  be  uo  need  of  re-setting  the  heads. 

8raciAL  Space 

All  bridge  members  do  not  need  to  go  through  the  same  number  of  opera- 
tions in  order  to  be  completed;  and  some  provision  should,  consequently, 
be  made  for  keeping  material  that  requires  ixoiy  one  or  two  operations 
(or  special  operations)  out  of  the  Main  Shop.  To  this  end  a  special  space 
should  be  provided  for  the  f abricstkm  of  shoes,  cross-frames,  laterals,  small 
struts,  and  other  miscellaneous  pieces. 
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Maghinb  Shcxp 

For  the  fabrication  of  fixed  spaiui  not  many  machms  tools  are  required, 
the  turning  of  pizis,  the  planing  of  main  members,  shoes,  and  base  plates, 
and  the  boring  and  driUing  of  holes  being  about  the  only  machine  opera- 
tions required.  If,  however,  movable  spans  are  to  be  manufactured,  a 
small  machine  shop  will  effect  an  economy  of  operation.  Such  a  nn>i»hin^ 
shop  should  be  equipped  with  the  following  tools: 

Borinp  Mill, 
Grinding  Machine, 
Lathe, 

Screw  Cutter, 
Planing  Machine, 
Slotting  Machine. 

FOUNDBT 

It  is  probable  that  an  iron  or  steel  foundry  cannot  be  added  to  the 
equipment  of  the  fabricating  plant  with  economy,  unleiss  there  is  a  market 
for  general  commercial  work;  because  there  are  not  enough  eai>tings 
required  in  bridgework  to  keep  a  foundiy  busy  more  than  a  very  small 
portion  of  the  time. 

Blacxsuith  Shop 

A  Blacksmith  Shop  should  be  installed  with  hammers,  presses,  heating 
furnaces,  etc.  If  the  Shop  is  one  of  large  capacity,  there  should  be  added  a 
rivet4nd-bolt-making  plant  with  the  necessaiy  heating  fumaoes,  continu- 
ous rivet-making  machines,  holt  machines,  screw-euttiDg  machines,  and 
bins  for  the  storage  of  rivets  and  bcdts. 

i 

Shop  Assbiiblino 

Bridge  specifications  in  nuiiiy  cases  provide  that  the  members  of  riveted  | 
trusst^s  shall  Ik'  lusscmhlcd  at  the  shop,  that  the  field  holes  shall  be  reamed 
while  the  trusses  are  so  as^scmblcd,  and  tluit  the  iiicinbers  shall  1h'  match- 
marked  before  they  are  taken  ai)art.    This  ensures  the  propter  matching  of  i 
the  holes  when  the  work  is  subscjjuently  erected.    The  shop,  therefore, 
should  have  the  necessary  space  and  ecjuipnient  for  assembling  such  trussef.  ! 
Generally,  it  is  economical  rather  than  the  reverse  to  do  such  assenil)ling 
and  reaming;  but,  if  there  be  a  large  numlxir  of  duplicate  spans,  it  is 
uneconomical.    In  such  a  case  the  field  connections  should  be  reamed  to 
iron  templets,  so  that  the  members  will  be  interchangeable.    The  work  can 
be  done  much  more  quickly  in  this  way;  and,  if  it  be  carefully  performed, 
the  results  will  always  be  satisfactory.    If  desired,  one  or  two  of  the  trusses 
can  ])e  assembled  l^efore  any  of  them  arc  shipped,  in  order  to  check  the 
accuracy  of  the  work. 
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If  posBible,  the  space  for  suoh  aBsembling  of  troBBee  diould  be  oom^ 
manded  by  overiiead  traveUng  cranes,  and  should  be  equipped  with  port^ 
able  power  drills,  both  horisontal  and  verticaL  niese  portable  drills  will 
be  found  of  great  value  in  the  diop  as  a  supplement  to  the  regular  drilling 
and  reaming  equipment.  Tlie  top  and  bottom  diords  ci  the  trusses,  after 
planing,  should  be  assembled  in  the  shop,  and  the  holes  on  one  side  of  the 
splice  drilled  from  the  solid  whilst  the  chords  are  thus  assembledi  using 
these  portable  driUs. 

Paintimo 

For  finishing  and  painting,  ample  space  and  proper  handling  facilities 

should  be  provided.  At  leiist  a  jx)rtion  of  the  space  (and  the  larger  the 
bett(^r)  should  he  covered,  as  all  of  this  work  catuiot  be  done  out  of  doors 
during  the  winter.  While  spraying  machines  have  been  used  for  painting, 
doing  the  work  by  hand  seeius  to  give  more  satisfactory  results. 

Tbackb 

Ample  track  facilities  should  be  provided  both  for  the  bringing  in  of 
material  to  the  shop  and  for  shipping  it  out. 

Tbuflbt  Shop 

For  economy,  the  templet  shop  should  be  light,  well  heated,  and 
furnished  with  iK'nches  at  one  level,  and  with  tools  for  planing,  cutting, 
and  boring  the  templet  lumber  and  for  boring  and  shearing  pasteboard  for 
templets.  The  use  of  the  latter  material  instead  of  lumber  is  in  the  line 
of  true  economy. 

RBCAPrrULATION 

To  summarize — the  main  factors  are  light,  heiit,  ventilation,  space,  and 
tools;  and  the  Planning  System  should  result  in: 
Availability  of  material  when  desired. 
Short  and  continuous  travel. 
Handling  as  few  tinu«  as  possible. 
Keeping  of  men  busy. 

Tools  of  such  character  as  to  permit  the  securing  of  the  proper  grade 

of  workmanship. 
Canxpetmi  employees  to  maintain  suoh  a  grade  of  work. 
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The  economics  of  fieldwork  in  bridge  buikUiig  may  be  rammed  up  in  the 
following  instructions  to  the  Resident  Fingineer; 

First.  Start  work  ahead  of  the  contractor  so  as  to  have  all  the  triangu- 
lalaon  finiehed  and  benehHmarics  ffwUhHrfiBd  belote  he  is  ntdy  to  begm 
aotuial  opemliiaiiB. 

8§eend,  Eknploy  as  small  a  force  as  practicable  for  attendiDg  propetly 
to  an  woik,  eepeeiaUy  the  inspeetkm  of  materiab  and  woikmanshipy  and 
retain  only  truly  competent,  energetic  men.  If  low-grade  hdpers  are 
required  ocoaoonaDy,  obtain  them  from  the  contractor,  and  be  sure  to  pagr 
him  for  thdr  time,  unless  the  specifications  or  contract  provide  that  suofa 
labor  shall  be  furnished  free  of  charge,  as  is  often  the  case. 

Third,  See  that  the  entire  force  is  kept  realty  buay  at  all  times.  TIob 
can  be  aeoompliahed  by  laying  out  for  each  member  thereof  routine  woik 
for  his  spare  moments. 

Fourth,  Before  any  construction  wmk  is  begun,  lay  out  on  paper  an 
eeonomic  system  for  canying  on  ihe  field  work  from  start  to  finiidi,  4uid  aee 
thereafter  that  it  is  strictly  followed.  Should  at  any  time  any  develop- 
ment occur  that  would  render  advisable  a  modification  of  the  woridng 
schedule,  the  necessary  changes  therein  should  at  once  be  made;  and  aft 
interested  parties  should  be  notified  in  writing  accordingly. 

Fifth.  Never  tetany  portion  of  the  work  drop  behind,  even  for  a  sing^ 
day;  because  field  engineers  are  assumed  to  woik  longer  hours  than  the 
staff  of  the  designing  office.  Field  engineers  should  live  on  the  job,  so  as 
to  be  ready  at  all  hours  to  do  unexpected  work  and  to  meet  emergencies, 
consequently  they  have  no  cause  for  complaint  when  instructed  to  work 
overtime. 

Sixth.  See  that  the  home  office  is  sujijilied  strictly  on  time  with  the 
regular  fiekl  reports,  and  send  in  special  ones  whenever  such  seem  necessa^rj' 
or  advisable. 

Seventh.    Do  the  testing  of  cement  far  enough  in  advance  of  its  use  to  1 
make  sure  of  its  having  the  requisite  strength;  and  if  there  be  any  other  I 
mati  rials  to  be  inspected,  keep  the  work  of  iuspectiou  well  in  advance  of 
the  diMiiaiid. 

Eighth.  As  soon  as  materials  are  rocoived  at  the  site,  see  thai  they  are 
checked  by  the  contractor  at  once,  and  rcfKjrt  immediately  to  the  home 
oflicc  any  shortage  discovcnnl,  \\\  order  that  it  may  be  made  good  Ix'fore  it 
can  cause  delay  in  the  coutitruction.   See  also  that  aU  material  is  M"V?ftdBd 
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qukkiy,  even  if  the  omiB  of  paying  for  dennimige  be  upon  the  oontractor, 
because  H  k  eeoiiomk  to  keep  the  YaOroad  offidab  in 
ing  their  ears  quickly,  and  becaine  it  does  not  take  many  unkiaded  oais  to 
dutter  up  the  onall,  temporaiy  yards  built  speoiatty  for  the  job. 

NuUh.  Give  the  oontraetor  and  his  employees  every  aid  that  you  can 
legitimately,  short  of  awwiming  duties  that  are  not  your  own— such  as  prep- 
aration of  faiDs  of  materiahi,  designs  for  plant,  etc.  By  keeping  the  force 
in  a  good  humor  the  work  will  be  expedite,  and  economy  for  all  concerned 
will  result. 

Tenth.    Make  all  monthly  estimates  promptly,  starting  in  two  or  three 
days  before  the  end  of  tiie  month,  if  that  be  uecessaiy  to  accomplish  the  . 
pariX)se. 

Eleventh.  For  all  unclassified  work  or  so-called  "extras,"  be  fnire  to 
give  the  contractor  in  advance  written  instructions  to  do  the  same,  and  keep 
on  file  copies  of  all  letters  containing;  such  directions. 

Twelfth.  Keep  your  projjrt  ss  reports  and  charts  up  to  date  so  that  you 
may  know  at  a  glanc(^  what  projmrtion  of  each  class  of  work  on  the  job  is 
finished  and  what  pr()iK)rtion  remains  to  be  done. 

ThirU'vnlh.  Reni('ni})er  at  all  times  that  the  Resident  Engineer  is  a 
confidential  agent  and  not  a  principal,  and  be  governed  accordingly. 
While  he  has  the  right  to  discharge  at  any  time  any  of  his  employees  for 
just  cause,  he  should  keep  the  home  office  au  courant  with  the  character  of 
the  work  of  his  assistants,  in  order  that,  if  changes  in  the  stafi  are  to  be 
made,  the  field  work  will  not  V>e  disorganized  thereby. 

Fourteenth.  If  practicable,  the  field  propi'rty  of  the  Engineers,  such  as 
instruments,  tapes,  testing  apparatus,  etc.,  should  be  insured  against  loss 
by  fire,  theft,  or  the  action  of  the  elements.  Sometimes  this  is  impossible; 
but  whether  it  is  or  not,  ever>'  pn^-aution  should  be  taken  to  prevent  such 
cx'currences,  not  merely  because  of  the  pecuniary  loss  to  the  principals  but 
also  because  of  the  delay  to  the  fieldwork  that  would  Ix^  likely  to  result. 

Fifteenth.  Copy  all  important  surveys  from  the  field  books  into  a 
survey-record  as  soon  as  made;  and  never  let  that  reoord  be  taken  into  the 
field,  for  its  loss  might  cause  great  inconvenience  and  expense.  When  looa^ 
leaf  books  are  used  for  records  that  might  be  called  into  a  court  of  law, 
each  page  must  be  signed  and  dated  by  the  writer  thereof  at  the  time  he 
makes  the  record;  and  each  .such  page  must  have  a  heading  or  title  which 
will  show  beyond  any  doubt  just  what  is  reoorded  thereon  and  the  souioe 
of  the  information. 

Siximilh.  Log  books  or  diaries  must  be  wiitten  up  eaehday,  whether 
there  was  any  work  done  or  not. 

SmntemOL  As  a  great  maaor  of  the  Beeident  Enghieer's  duties  are  of 
ft  nmi-judieial  eharaoter,  all  of  his  acts  may  at  any  time  come  under  the 
review  or  inspection  of  a  court  of  law;  hence  he  must  always  keep  this  in 
mind  when  maldng  decisions  or  compiling  records.  The  latter  must  be 
fuD,  ooneise^  and  so  made  as  to  be  admiSBibto  as  evidenoe  in  a  sui^ 
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fi^AtoBfiDL  An  instmmento  for  BmTqrins  or  for  teitiiig  nuitcriaH 
wben  not  in  use,  must  be  kept  in  their  oaaeB  or  boxee  in  the  Readmit  Engi- 
neer's offioe^  No  tranatsorlevebshouklbekftsetiiparoimddemdBBflr 

TP^^KiiMwy  wham  tharBiadanear  of  their  ha^ 
or  by  tefllm^  unksB  Bomeoiie  k  kft  to  gosjpd  them. 

NindMnih,  The  Reeideot  Engineer  myst  be*  eanfd  not  to  abuse  is 
any  way  the  rsther  arfaitmy  power  that  is  placed  in  his  handa;  but,  ca 
the  other  hand,  he  must  not  f  ail  to  aot  promptly  in  fflWOTMang  the  authorily 
eonfened  <m  hun,  if  it  be  neoessaiy  to  do  so  in  order  to  protect  the  int^^ 
of  his  olieot  or  those  of  his  superiors. 

TwnHA  See  that  a&materiala  are  properly  stored  and  hapt  in  good 
condition  until  used  in  the  constnictiim;  aod  make  sure  that  the  oontractor 
takes  every  precaution  to  prevent  injury  to  them  from  ifae  or  flood,  do 
matter  whoee  property  they  may  be.  If  practicable,  they  should  be 
insured. 

Thoenly-first,  Make  sure  that  no  damage  is  done  to  struct  ural  steel  or 
reinforcing  bars  through  carolessnesa  in  handling  or  unloading. 

Twenty-second.  Sec  that  all  woixlen  paving-blocks  are  ricked  uj)  in 
compact  piles  and  covered  so  as  to  prevent  checking;  and,  as  all  erei>soted 
timber  is  very  iuiiaimuable,  take  every  precaution  against  its  being  injured 
by  fire. 

Twenty-third.  Make  sure  that  all  cement  is  properly  protected  against 
the  weather;  and  that  no  injured  cement  is  allowed  to  remain  on  the  job. 

Twenty-fourth.  Take  great  care  to  avoid  accident  in  the  stora^  or  use 
of  explosives;  and  see  that  the  projK'r  charges  are  used. 

Twenty-fifth.  Make  sure  that  all  falsework  and  fonns— in  respect  to 
both  design  and  quality  of  materials — are  fit  for  the  purpose  to  be  serve<l; 
and  take  the  nece-ssary  sti^ps  to  prevent  unsightly  bulg^  and  offsets  in 
concrete  surfaces  due  to  the  yielding  of  forms. 

Twenty-sixth.  In  sinking  cribs  or  caissons  do  not  permit  the  contractor 
to  allow  them  to  get  materially  out  of  position  or  lipjRil;  but  check  con- 
stantly for  line,  elevation,  and  verticality  until  all  daoger  of  the  occurrence 
of  such  errors  of  any  magnitude  is  piist. 

Tweniy-sevenlh.  Look  carefully  to  the  building  up  of  cril)s  and  caissons; 
because,  if  they  become  badly  warped  or  twisted,  much  ncedleas  expense 
and  delay  will  be  involved. 

Twenty-eighth,  Watch  cfirefully  the  depositing  under  water  of  all  con- 
crete 80  as  to  make  sure  that  it  is  not  injured  in  the  process  of  placing. 

The  preceding  instructions,  of  course,  could  readily  be  extended  by 
entering  more  into  detail,  and  it  is  true  that  the  Resident  Engineer  should 
study  and  follow  doselv-  many  other  directions,  both  written  and  oral,  given 
him  by  his  superiors;  but  enough  has  already  been  said  in  this  chapter  to 
indicate  the  necessity  for  a  proper  application  to  fieldwork  of  the  principles 
of  economics,  what  the  saki  principlfiB  aie,  and  how  they  should  be  ulili^ 
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The  data  for  this  chapter  were  furnished  by  Mr.  H.  K.  Seltzer,  C.E.,  of 
the  Union  Bridge  and  Construction  Company,  and,  in  years  long  gone  by, 
one  of  the  author's  principal  assistant  engineers.  As  that  Coinpany  is  one 
of  the  most  experienced  and  successful  bridge-oontracting  firiii.s  in  America, 
what  Mr.  Seltzer  hits  to  say  about  the  economics  of  his  specialty  ought  to  be 
authoritative. 

The  Contractor  who  has  been  awarded  a  contract  naturally  says  to  him- 
self— "I  must  do  this  work  as  (}uickly  and  as  economically  as  practicable." 
He,  therefore,  gives  thorough  consideration  to  the  problem  of  how  this 
result  can  be  brought  about;  and,  while  so  doing,  he  should  think  not  only 
of  the  profit  he  expects  to  make,  but  also  of  the  fact  that  he  must  maintain 
his  good  reputation,  and  improve  it,  if  possible.  In  order  to  complete  the 
work  promptly  and  economicallyi  he  should  devote  careful  thought  to  the 
foUowing  subjects: 

1.  The  FvM  Oiganufttkm. 

2.  Plant 

3.  Yards,  Wharves,  and  Tracks. 

4.  Flans  of  Buildings  and  Plant 

5.  Materials  and  Supplies. 

6.  GeneraL 

1.   The  Field  Organization 

The  man  in  active  charge  should  have  had  previous  experience,  either  as  a 
Biiperintendent  or  engineer  of  construction,  in  charge  of  similar  work.  It  is 
not  absolutely  necessary  that  he  should  have  managed  work  equally 
large  or  important;  but  he  should  certainly  be  a  man  of  character  and 
force.  He  may  be  known  as  Chief  Engineer,  Manager,  General  Superin- 
tendent, or  Engineer  of  Construction.  We  shall  assume  that  he  is  an 
engineer  and  that  his  company  has  designated  him  as  "  Engineer  of  Con- 
struction." He  should  have  the  foUowing  general  assistants,  if  the  sise  of 
the  work  warrant  it, — these  men  to  report  to  him  direcUy : 

AttuUnU  Bfigineer  cf  Conatrudion.  General  assistant  to  Enginiw  of 
Construetaon.   In  ehaige  of  field  and  office  engineering  work. 

8upmtUende9iL  In  chaige  of  aU  foremen,  including  the  master  me* 
dianio.  The  superintendent  should  have  complete  charge  of  work  in  field 
and  dwold  be  a  capable  and  reliabte  man. 

Digitized  by  Google 


384 


■OONOiaGB  OF  BBIDOaBWOBX      Gbapb  XXXVIU 


Purchasing  AgenL  The  makipg  of  all  purchaaoi  should  be  placed  | 
in  the  hands  of  a  competent  man.   Schedules  ci  materials  smd  supplies 
should  be  furnished  to  him  by  the  office  engineers,  BpeeifyiQg  when  th^r 
will  be  requiied;  and  be  ahoukl  aixMige  his  deliverieB  aa  neu^  | 
in  that  order. 

Aeoounlmit  or  AudUor,  In  ehaige  of  all  offioe  iroik  oiitade  oC  the 
engiiMwring  dqnrtment.  He  should  have  ohaige  of  bookkeepefs,  paj' 
masters,  tfanekeepew,  cost  aeoountants,  material  efaeekerSy  storehouse  mes, 
and  any  other  eleiical  help  lequiied. 

2.  Plant. 

The  best  plant  ol)tainable  should  be  provided  in  sufficient  qaantity  to  , 
permit  of  the  rapid  execution  of  tlie  work  with  th«>  smallest  possible  ninnbor 
of  men.    Hand,  air,  or  electrical  tools  should  Ik»  libenilly  provided.  There 
should  also  be  furnished  spare  equipment,  such  as  an  extra  hoisting  engine, 
an  extra  derrick,  and  an  extra  dredge-bucket.    On  large  jobs  of  work  these 
extra  pieces  of  equipment  are  always  needed  because  of  breakdowns,    A  ' 
hberal  supply  of  re]iair  jiarts  for  ftng^"«»,  pumpe,  pneumatic  tools^  etc^  j 
should  always  be  kept  on  hand. 

8.  Yabds,  Whabves,  and  Tbagkb. 

Sufficient  ground  should  be  obtained  to  provide  storage  room  and  spaee 
for  the  necessary  operations.  Existing  wharves  should  be  secured,  when 
they  can  be  had,  and  new  ones  built  whoi  neoessaiy.  A  plan  should  be 
prqiared  showing  the  exact  location  of  railroad  tracks,  storage  grounds^ 
.  buildings,  and  wharves.  The  arrangement,  of  course,  will  depend  to  a  great 
degree  on  the  ground  and  the  river  front  available;  and  the  cost  and 
progress  of  the  work  will  vaiy  largely  with  the  care  and  attention  given  to 
this  subject.  •  I 

4.  Plans  of  BmLDtNOB  and  Plant.  ' 
After  it  is  known  just  what  yard-room  can  be  secured,  and  after  a 

general  ground-layout  has  been  drafted,  detailed  plans  oi  buildings,  der- 
ricks, and  other  material-handhng  devices  should  be  prepared;  then  the 
necessary  bills  of  material  should  be  made  therefrom.  These  plans  shouU 
include  drawings  of  barges,  pile-drivers,  falsework,  etc. — ^in  fact  ol  ev«i3r- 
thing  that  must  be  built  at  the  bridge  site. 

While  planning  buildings  and  bargee,  it  is  well  to  give  consuleiutiQii  to 
the  fact  that,  after  the  completion  of  the  job,  buyers  may  be  obtained  in  the 
vicinity,  provided  such  constructioiis  are  so  designed  as  to  meet  local  eon- 
ditions  and  requirements. 

5.  Materials  and  Supplies. 

Sehedules  of  materials  for  both  construction  and  permanent  work 
should  be  made  as  (juickly  as  |X)ssi})l(\  even  though  the  contractor  may 
have  contracted  for  his  materials  before  bidding.  It  is  iin{X)rtant  that  no 
time  be  lost,  in  order  that  early  ahipmeots  may  be  made;  and,  again, 
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prioee  chaiige  so  rapidly  that  those  used  in  bidding  may  not  hold  in  every 
case,  especially  if  there  be  considerable  delay. 

Materials  should  be  ordered  for  Bhipment  as  nearly  as  pofisible  in  the 
order  required.  It  frequently  occurs  that  no  special  attention  is  given  to 
this  point;  and,  as  a  result,  delay  and  unnecessary  cost  are  involved. 

Contracts  for  fuel,  oil,  water,  electricity,  and  supplies  should  be  made 
immediately,  whenever  it  appeals  to  the  eontnetor's  advantage  so  to  da 

6.  General 

It  pays  well  to  have  satisfiod  and  loyal  employees;  and  every  effort 
should  l)e  made  to  provide  and  maintain  such  a  force.  Six'cial  care  should 
be  used  in  the  selection  of  the  skeleton  organization,  inchuhng  the  foreman; 
and  these  men  and  all  other  employees  should  Ix'  well  paid,  and  given  the 
best  treatment  possible.  Where  camps  are  necessiiry,  they  should  be  saui- 
tary;  and  gootl  fo(Kl  should  be  f)rovided  at  actual  cost. 

It  is  well  to  prepare  in  advance  a  schedule  of  the  progress  of  the  work 
that  it  is  intended  to  follow;  and  plans  should  be  made  accordingly  so  as  to 
carry  it  out. 

Daily  unit  cost.s  should  }>e  kept,  when  possible,  in  addition  to  the  usual 
cost  system ;  and  the  foremen  anfl  all  others  intereste<l  should  be  advised 
how  well  they  are  found  to  be  doing,  oompariaons  being  drawn  with  other 
work  of  a  similar  nature. 

Nothing  should  be  done  by  hand  that  can  be  accomplished  with  ma- 
chinery or  power  tools. 

In  concluding  this  chapter,  the  author  begs  to  make,  for  the  benefit  of 
progressive  oontractorB,  the  following  additional  suggestion,  based  upon 
extended  experience  and  close  observation  of  bridge  builders  and  their 
methods  of  operation: 

It  is  almost  always  consistent  with  true  eoonooiy  to  push  every  piece  of 
work  to  completion  as  rapidly  as  practicaUe,  even  if  by  so  doing  there 
should  be  involved  additional  expense  (of  course  within  the  bounds  of 
reason)  for  outfit  and  labor;  because  the  time  thus  saved  can  generally  be 
more  advantageously  devoted  to  another  jobb 
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In  the  mmng  of  ooiicrete  there  arise  muxy  eoonomie  proUema,  most  of 
winch  are  appaientfy  of  such  minor  importanoe  as  not  to  be  worthy  of 
oonakleration.  For  amaU  jobe  of  woik  this  may  be  true  eniugliy  but  on 
laige  ooesy  involving  great  yardage  of  concrete,  emy  tittle 
is  well  wcurth  while. 

There  are  two  main  pmnta  of  view  from  whidi  this  queetkii  may 
be  considered— that  of  the  contractor  and  that  of  the  engineer— the  latter, 
of  couree,  acting  for  the  beet  interests  of  his  dient.  The  contractor  geo- 
erally  is  paid  for  concrete  in  place  at  so  much  per  culno  yard;  but  there  are 
often  several  unit  prices  ananged  to  cover  var}  ing  conditkms.  Sometimes 
these  conditi(»8  are  variations  in  the  compositioQ  of  the  mixture,  but  often 
they  relate  to  the  difiPering  costs  of  placing  and  formwoilc.  Be  this  as  it 
may,  though,  in  ordinaiy  specifications  there  is  nothing  to  induce  the  con- 
tractor to  try  to  produce  tlM  strongest  and  best  concrete  practicable.  Tliis 
18  the  duty  of  the  engineer;  and  he  accomplishes  it  by  stating  dearly  in  his 
specifications  the  qualities  of  all  the  materials  emplojred,  the  compositions 
of  the  different  classes  of  concrete,  how  the  components  thereof  are  to  be 
mixed,  how  the  fresh  concrete  is  to  \w  placed,  and  how  the  finished  work  is 
to  l)e  protected  until  the  mtuss  hardens  and  dries — also  by  carefully 
inspecting  the  materials  for  quality,  the  mixing,  the  placing,  and  the 
protection,  so  as  to  ensure  that  the  specifications  are  fully  complied  with. 

Ordinarily  there  are  not  many  legitimate  major  ways  in  which  the 
contractor  may  economize  in  liis  concrete-work,  as  he  is  confined  mainly  to 
purchasing;  the  materials  as  cheaply  as  y)ossihle,  doing  the  mixing  economic- 
ally, anti  placing  the  mixture  expeditiously;  but  occasionalU'  he  is  given  an 
opjx)rtunity  to  economize  on  the  quantity  of  cement  by  the  engineer's 
having  made  it  proportional  to  the  volvmie  of  voids  in  the  aggregate,  and 
by  being  pennitted  to  use  one-man  stones  in  the  mass. 

Then?  are,  however,  many  minor  ways  in  which  the  contractor  may 
legitimately  economize  in  the  making  of  concrete,  principally  l)y  the  appli- 
cation of  forethought  in  the  receiving  and  storing  of  materials  promptly; 
locating  the  bins  in  the  most  favorable  places  for  expediting  the  work; 
establishing  the  Ix^st  practicable  scheme  for  transportation  from  bins  to 
mixers  and  from  nnxers  to  points  of  dejwsit;  substituting  naachineiy  (or 
man-power  wherever  it  will  facilitate  the  work  and  reduce  cost;  designing 
and  l)uil(ling  fomis  that  are  not  too  expensive,  that  can  be  placed  and 
removed  expeditiously,  and  that  have  some  salvage  vahie;  and  inM^iKng 
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effident  and  not^oo-expeoBive  apparatas  for  proteeting  the  fimBhed  oon- 
ciete  from  injury  by  fioflt  (Mr  heafc.  Doiiig  aU  these  things  sdeiitifically  and 
sgrstamatical^  will  often  enable  a  contraotor  to  make  iDoney  out  of  a  job  on 
wbieb  otherwise  there  wotUd  have  been  a  km 

Amongst  the  eoonomio  problems  that  arise  in  the  manufacture  of  con- 
erete,  the  principal  ones  are  the  following: 

A.  Best  proportions  of  materials. 

B.  Reduction  of  voids  in  the  aggrc^jcat-e. 

C.  Using  a  mixture  of  gravel  and  sand  without  screening.) 

D.  Waterproofing. 

E.  Iiu  ivasing  fluidity  of  mixture. 

F.  MMimcr  aiul  lime  of  mixing. 

G.  Ainount  of  mixing  water. 

H.  Use  of  largo  stones  in  mass. 

.  I.    Vibration  and  jigging  of  newly  placed  concrete. 
J.    Age  of  cement. 
K.    Protection  of  fresh  concrete. 

Each  of  these  economic  questions  will  be  taken  up  in  the  above  order 
and  discussed  in  detaiL 

Best  Phopobtiows  or  ^Aatesbjalb 

Without  knowing  in  advance  the  kinds  and  characteristics  of  the  aggre- 
gates which  the  successful  bidder  will  employ,  it  is  impracticable  for  an 
engineer  to  spt^cify  the  l)est  pcjssible  proportions  for  concrete,  hence  he  is 
either  compelled  to  name  three  or  four  standard  mixtures  or  else  to  sfx^cify 
certain  maximum  hmits  of  the  materials  in  the  aggregate  and  an  amount 
of  cement  proix)rtionate  to  the  volume  of  voids  therein. 

The  principle  to  be  adopted  in  sjx»eifying  the  pro])ortions  for  concrete  is 
to  use  a  little  more  than  enough  cement  to  fill  the  voids  in  the  sand  and  a 
little  more  than  enough  of  the  resulting  mortar  to  fill  the  voids  in  the 
broken  stone  or  gravel,  if  the  mixing  were  perfect,  there  might  not  be 
good  reason  for  these  excesses  of  cement  and  mortar;  buty  of  course,  it 
never  i&  The  author  is  satisfied  with  an  esoess  of  ten  per  cent  for  each 
case,  or  with  an  eicess  of  ten  per  eent  of  eement  above  the  vdume  of  voids 
in  the  aggregate. 

The  most  eommon  proportions  cpecified  are  those  given  m  the  following 
table: 


TABLE  aOa 


• 

Aoportioos 

1 

1 

1 

1 

1 

2 

8 

8 

Brokn  atons  or  giml. . . 

8 

4 

5 

5 

6 
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The  mixture  ol  1 :  3  :  5  ueed  to  be  the  etandaid  for  ooncrate  in  kige 
mwHwin  plaoed  in  the  diy,  but  there  are  oertatn  auideof  eueh  uiuf<xiii  gram- 
tae  that  one  portion  of  cement  to  three  of  fluid  win  not  fill  all  the  voids 
therein;  and,  although  the  mortar  produced  will  be  ample  in  amoont  to 
fill  aP  the  voids  in  the  etone  or  graveli  the  maas  reaulting  will  be  pomieabto 
by  water,  and,  therefore,  not  firat-elaM  concrete. 

The  proportion  of  1 :  2}  :  6  is  better  than  that  of  1 : 3  :  5^  becaufle 
the  amount  of  cement  is  always  more  than  enough  to  fill  the  voids  in  the 
sand,  and  that  of  the  mortar  is  more  than  enough  to  fill  the  vmds  in  the 
stone  or  gravel  It  is  a  perfectly  safe  mixture  but  not  an  economie  one. 
It  is  being  rather  widely  specified  today  for  mass  concrete  i^aoed  in  the 
dry;  and  for  sinall  jobs  it  is  a  good  one  to  adopt  therefor. 

The  proportion  of  1 :  2  :  4  is  the  common  one  for  reinforced-oooerete; 
and  the  stone  or  gravel  should  not  be  very  coarse,  because  otherwise  the 
concrete  would  not  flow  pro^x  rly  between  the  reinforcing  bars,  and  voids 
might  result.  In  view  of  the  importance  of  having  reinforced-concrete 
as  perfect  as  possible,  and  of  the  fact  that  the  mortar  should  take  a  firm 
grip  on  the  reinforcing  bars,  it  is  not  iidvisable  to  use  for  this  purpose  any 
concrete*  less  rich  in  l  ement  than  this  mixture. 

The  proportion  of  1:2:3  with  fine  broken  stone  or  gravel  is  the 
author's  standard  for  concrete  to  be  deposited  through  watrr  by  tromie  or 
trip-bucket.  It  contains  an  excess  of  cement  to  provide  for  the  contin- 
gency that,  in  spite  of  all  i)recautions,  there  may  be  a  slight  flow  of  water 
through  some  {X)rtion  of  the  concrete.  The  author  has  often  had  occasion 
to  examine  concrete  of  this  mixture  placed  through  water,  and  htm  invariably 
found  it  to  be  perfectly  satisfactory^  in  fact,  just  as  good  a^^  the  less-rich 
concrete  placed  in  the  dry.  It  hjis  l)een  stated  l)y  good  authority  that  this 
proportion  makes  much  better  concrete  for  reinforced  work  than  does  the 
standard  proportion  of  1  :  2  :  4;  hence  it  might  prove  economic  to  adopt 
the  richer  mixture  thtM'efor,  but  it  would  first  be  necessaiy  to  educate  the 
profession  to  the  advisal)iUty  of  the  innovation. 

The  only  excuse  for  a(io])ting  in  a  specification  a  general  clause  for  a 
1:3:6  mixture  is  to  save  exi}i'n8e  in  a  structure  where  the  total  cost  has 
to  be  hckl  down  to  an  abs*)lute  mininunn,  in  order  to  meet  a  limited  appro- 
priation; and  then  it  should  usually  be  confined  to  locations  below  ground 
where  no  frost  can  reach.  It  would  be  k'gitimate  to  adopt  it  for  large 
anchoriiges  where  great  mass  is  re(|uired,  in  which  cjise  it  might  have  to  be 
faced  with  riclicr  ('oncret(^  and  employed  only  in  localities  where  the  climate 
is  miltl.  But  wlien  special  care  is  taken  in  the  grading  of  the  aggn^gate,  a 
1:3:6  proportion  can  safel\-  Ix*  employed,  because  in  graded  sand  the  1  to 
3  proportion  will  fill  all  voids  in  the  mortar,  and  the  latter  will  fill  all  voids 
in  the  stone,  thus  ])roducing  satisfactory  concrete,  providing>  ol  oouraCy 
that  the  mixing  be  thoroughly  done. 

The  1:3:6  mixture  does  not  always  make  good  concrete,  and  the 
author  would  hesitate  a  bng  time  before  deciding  to  adopt  it  on  aqy  of 
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his  constructions.  He  did  once  use,  it  for  some  below-ground  work  on  a 
bridge  in  Soutliorn  California,  in  which  ever>'  legitimate  effort  had  to  be 
madv  to  keep  the  total  cost  of  structure  within  a  Uniit  of  $200,000.  There 
proved  U)  be  a  margin  of  l(\s.s  than  S.5(X)  when  the  bridge  was  hnaiiy  com- 
pleted and  turned  over  to  the  owners. 

Concretes  us  poor  as  1  :  4  :  8  or  even  1  :  6  :  10  have  been  used  in  tunes 
past  in  large  mass-work,  in  order  to  reduce  the  cost  of  construction;  but, 
in  the  author's  opinion,  such  mixtures  are  not  legitimate.  Some  tests  on 
plain  concrete  beams  by  Wni.  H.  Fuller,  Esq.,  gave  on  the  avenig^  the 
moduli  of  rupture  indicated  in  the  following  table: 


TABLE  m 


Ftopoi^kam  by 

ProportioiiB  by 

Modufanof 

VolumA  of  Gonaiti 

Rupture.  (Lbs. 

find,  and  Stone 

Sand,  and  Stout 

per  8q.  In.)  Awngfi 

1:2:4 

1  :  2  34  :  4.12 

439 

1:2:5 

1  :  2.34  :  5.17 

380 

1:8:  6 

1 :  3.51 :  5.17 

285 

1:8:  e 

1:8.51:  6.21 

226 

1:4:  8 

1:4.68:  8.25 

157 

1 : 6 : 10 

1 : 7.08 : 10.84 

• 

80 

This  table  gives  a  very  clear  idea  of  the  relative  strengths  of  concrete  of 
varying  richnesses;  and  it  is  evident  therefrom  that  the  last  two  mixtures 
are  too  poor  to  warrant  use  in  any  first-class  construction,  also  that 
1  :  2^  :  5  concrete  is  better  than  1  :  3^  :  5  concrete  in  the  ratio  of  1.33.  By 
interpolation  it  may  be  concluded  that  it  is  probably  better  than  1:3:5 
concrete  in  the  ratio  of  about  1.2.  Comparinj^  the  1  :  2^  :  5  mixture  with 
the  1:3:6  one,  the  ratio  of  strengths  would  be  about  1.5. 

Reduction  of  Voins  m  the  Aggregate 

Whenever  there  is  a  laige  amount  of  oonmtuig  to  be  done  on  a  job,  it 
tHB  prove  to  be  eoonoiDioal  to  stiuly  earefuDy  the  percentage  of  voids  m 
aggregate  of  broken  stone  and  sand  (or  of  gravel  and  ssnd),  and  to  experir 
ment  in  order  to  determine  what  nmcture  of  broken  stone  and  gravel,  or  of 
several  siies  of  broken  stone,  with  the  proper  amount  of  sand  in  each  case, 
win  ledooe  the  said  percentage  of  voids  to  a  minimum.  If  then  this  mixed 
aggregate  be  adopted,  and  if  the  amount  of  cement  is  never  less  than  one 
and  a  tenth  times  the  volume  of  voids»  the  resulting  product  wiU  be  first- 
class  and  satisfactory  to  all  concerned,  provided,  of  course,  that  only 
proper  materials  be  employed  and  that  the  mixing  be  thorough. 

As  a  matter  of  precMition,  however,  against  caretesoMSS  or  error  on  the 
part  of  the  tester  of  voids,  the  author's  specifications  require  that .  for  aggre- 
gates in  which  aS  the  materials  are  measured  separately  before  mixing, 
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there  ehaU  be  uaed  not  lees  than 420  Iba  of  oement  per  cubic  yaid  of  finufaed 
concrete,  exchiding,  of  coane,  the  apace  occupied  by  any  one-man  stoneB 
that  it  may  contain. 

USQIO  A  MiXTURB  OF  GbAVBi  AMD  SaMD  WnHODT  SCBXBNINO. 

If  there  be  available  miuI  loeated  conveniently  for  the  work  a  larpe  body 
of  clean,  mixed  pravel  and  sand,  it  may  prove  economical  to  use  it  without 
screening  in  one  of  two  ways,  viz.: 

First.  By  constantly  making  tests  and  fimiing  what  amount  of  sand  or 
of  gravel  should  be  abided  to  the  natural  mixture  in  order  to  secure  the 
correct  proportions,  sifting  out  a  supply  of  the  material  required,  storing  it 
close  at  hand  for  use,  and  eoml)ining  it  witli  tlie  said  natural  mixture;  and 

Second.    By  using  the  natural  mixture  directly  as  it  comes  from  the  pit. 

In  either  case  the  rule  previously  given  for  a  volume  of  eement  equal  to 
at  least  one  and  one-tenth  times  that  of  the  voids  should  be  followed;  and 
as  a  matter  of  precaution,  the  amount  per  cubic  yard  of  finished  concrete 
(excluding  all  embedded  one-man  stones)  should  be  460  U>&  for  the  first- 
mentioned  of  these  two  methods  and  500  lbs.  for  the  seocmd.  This  ia  in 
a/ooordance  with  the  author's  standard  specifications. 

Whether  it  is  most  economic  to  separate  all  the  ingredient  s  of  the  natural 
mixture  and  re-mix  in  the  desired  proportions,  to  add  sand  or  gravel  to 
the  natural  mixture,  or  to  use  the  pit  run,  can  only  be  deteimined  for  each 
ease  as  it  arises  by  some  very  careful  computing,  based  upon  the  governing 
prices  of  labor  and  materials.  In  fact  it  might  be  necessary  to  make  some 
actual  experiments.  If  labor  were  very  high  and  the  price  of  cement 
delivered  at  site  were  reasonably  low,  it  would  probably  be  most  eooncnnical 
to  use  80  lbs.  extra  of  cement  pet  cbbic  yaid  of  concrete  and  empky  the 
pit  run;  but  if  cement  were  veiy  expensive  and  labor  cheap,  it  would  be 
most  economical  to  sift  the  natural  mixture  and  remix. 

Whether  adding  either  sand  or  gravel  to  the  natural  mixture,  in  order  to 
bring  it  to  best  proportions  is  economical,  will  depend  upon  whether  the 
screening  out  and  incorporating  ci  the  additional  material  and  the  occa- 
flional  testing  of  the  pit  run  win  cost  less  than  the  40  lbs.  of  oement  saved 
per  cubic  yard  of  finished  concrete. 

Watbrfroofino 

In  certain  jilacos  it  is  neeessar\'  that  the  construction  should  be  abso- 
lutely waterproof;  and  whether  aecomplishinp  this  is  to  hv  done  by  adding 
some  foreign  ingredient  to  the  cement  or  by  ins(^rting  a  layer  of  burlap  or 
other  similar  material  covered  with  pitch  or  asphaltum  apphed  hot  is  a 
probl^  in  economics  that  has  to  be  solved  for  each  case  by  some  close 
figuring.  There  are  on  the  market  several  patented  materials  to  add  to 
concrete  for  waterproofing,  the  manufacturer  of  each  of  which  claims  it  to 
be  the  best  posBible  for  the  purpose;  but,  as  far  as  the  author  knows^  there 
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is  nothing  better  than  the  addition  of  liydratcd  lime  to  the  cement  to  the 
amount  of  about  ten  per  cent  of  its  vokune.  Tn  any  case  where  the  condi- 
tion of  impermeability  is  paramount,  it  woukl  be  well  to  adopt  both  of  these 
expedients,  irrespective  of  cost;  and  the  combine<l  expedients,  if  success- 
fuly  would  effect  a  true  economy.  The  question  of  the  economics  of  water- 
proofiqg  ooDorete  is  treated  at  leogth  in  Cbi^iter  XLIII. 

Incbsasino  Fluiditt  of  Moctubb 

The  addition  to  the  cement  of  not  more  than  ten  per  cent  of  its  volume 
of  hyd  rated  lime  not  only  tends  to  make  the  finished  work  waterproof,  but 

also  adds  greatly  to  the  fluidity  of  the  mixture,  thus  faciHtating  the  placing 
of  it  aroimd  the  reinforcing  bars.  Certain  reliable  tests  have  shown  that 
the  addition  of  lime  vij)  to  fifteen  per  cent  of  the  volume  of  cement  really 
dightly  increases  the  tensile  strenp;th  after  some  three  weeks;  and  as  the 
addition  of  lime  does  not  add  materially  to  the  exfX'nse  of  the  concrete,  it  is 
a  matter  of  true  economy  to  employ  it.  The  beneficial  effect  of  hydrated 
lime  is  partly  due  to  the  fact  that  it  pennits  a  reduct  ion  in  the  amount  of 
mixing  water  without  lessening  the  plasticity  of  the  mixture. 

Mann£&  akd  TiiOB  OF  Mixmo 

* 

Almost  an  oonorete  nowadays  is  mixed  by  machineiy,  and  preferably 
in  batch  mixers,  although  some  continuous  mixers  have  been  known  to 
give  good  results.  The  strength  of  the  concrete  is  augmented  as  the  time 
of  mixing  is  increased;  hence  it  is  an  economic  problem  for  the  engineer, 
InUnUfcr  Ihe  eoniraetar,  to  detennine  what  is  the  best  time  to  adopt  for 
mudng  each  batch.  If  the  time  be  made  too  Aort,  the  attainable  strength 
and  quality  of  the  concrete  are  not  developed;  while  if  it  be  made  too  long, 
the  output  per  mixer  is  reduced  and  the  cost  per  cubic  yard  of  the  finished 
work  is  increased.  As  the  contractor  is  paid  so  much  per  cubic  yard  for 
concrete  in  place,  it  is  evident  that  he  always  loses  instead  of  gains  by 
increasing  the  tone  of  mixing,  and  that  the  owner,  uptoaoertainpoint,  isa 
gainer  by  sudi  an  increase,  after  which  he  is  a  loser.  In  respect  to  what 
that  limit  is^  most  engineers  differ.  Contractors  would  Uke  to  make  it 
thir^  seconds,  but  are  wilUng  to  concede  a  full  minute.  The  author,  how- 
ever, would  set  a  minimuni  of  two  minutes.  As  loading  and  unloading  the 
mixer  require  for  the  two  operations,  on  an  avcrafre,  about  45  seconds,  and 
as  the  time  given  to  actual  mixing  is  about  the  same,  the  total  time  nee<le<l 
per  batch  is  one  and  a  half  minutes,  but  when  the  time  of  rotating  the  mixer 
is  increased  to  two  minutes,  the  total  tune  i>er  batch  is  two  minutes  and 
forty-five  seconds,  hence  the  output  per  mixer  would  be  nearly  halved. 
Nevertheless,  the  author  believes  that  d()ul)linn  the  ordinary  time  of 
mixing  will  result  in  true  economy  for  the  owner.  The  authorities  recog- 
nize that  it  is  far  better,  wIk-u  a  truly-first-class  job  is  required,  to  employ 
more  mixers,  even  at  a  higher  first-cost  for  equipment,  and  work  Uicm  on  a 
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longer  schedule,  than  it  is  to  try  with  each  single  mixer  to  produce  the 

greatest  possible  yardage  in  the  least  practicable  time. 

Greater  care  and  increased  expense  in  mixing  and  placing  are  in  the  line 
of  true  economy;  for  they  produce  a  stronger  concrete  and,  therefore, 
justify  the  use  of  higher  unit  stresses  and  a  consequent  reduction  in  the 
concrete  sections.  This  f}uestion  is  of  especial  importance  for  concrete  slabs 
on  long-q)an  steel-bridges,  and  in  long-q^  concrete-bridgps. 

Amount  of  Mixing  Wateb 

It  htm  been  the  general  praetioe  to  uee  Teiy  wet  miiBi^  eqwokl^  fSar 
lebforoed-oooorete.  From  the  conetnictiop  atiuMlpoint  thieieecoiioniieal, 
ae  it  redueee  comiderably  the  eoet  of  handling  and  phcmg.  Reeentinveati- 
gationy  howevefi  has  shown  that  an  excess  of  water*re(h]oe8  the  strength  of 
the  concrete  very  jnaterially,  and  makes  the  oonorete  porana;  it  also  tends 
to  cause  segregaticm  of  the  materiala.  The  use  of  an  emes  of  water  i% 
therefore,  false  economy.  The  new  American  Railway  Engnieering  Aaao- 
eiation  Specification  for  Plain  and  Reinforaed-Oonerete  contahui  the 
following  requirement: 

The  (luantity  of  wati  r  nsinl  in  mixing  shall  bo  the  Imsi  amount  that  will  produce 
a  plaatic  or  workable  mixture  which  can  be  worked  iuto  the  forms  and  around  the  rein- 
foreoMnt.  Under  no  cimwinitancM  ihan  the  consirtency  of  the  eonanto  be  midi  m  to 
permit  a  Mpemticm  of  the  ooene  eggregate  horn  the  movter  m  hMwWing.  An  amtm  cf 
water  will  not  be  permitted,  M  it  eerimiily  affecte  thesteength  of  the  couuela;  andai^ 
linffili  inttfiinim  euidi  ea  eieeai  wiM  be  lejedtod. 

Ubb  of  Labob  Stonxb  in  tbx  Mam 

When  the  contractor  is  permitted,  under  certain  restrictions,  to  place 
one^nan  stones  in  the  concrete  in  order  to  siive  mortar,  he  usually  thinks  he 
has  a  "  w)ft  snap,"  but  sometimes  this  is  not  the  case;  because,  in  addition 
to  their  having  to  he  carried  to  the  site,  they  must  lx»  tiioroughly  cleaned  and 
wetted  before  IwMng  j)la{'ed.  This  pliicing  when  properly  perfomied  takes 
time,  and  is  done  by  man  power — not  by  machiner}'.  Again,  such  one- 
man  stones  are  generally  boulders  taken  from  the  river  bed,  where  they  are 
often  found  coveretl  with  moss  and  slime,  all  of  which  has  to  lx»  carefully 
removed.  In  the  old  days  when  labor  was  cheap  and  coin(>nt  expensive, 
th('s<'  one-man  stones  were  looked  upon  as  plums  in  the  ])iiddiiig,  V)ut  today 
the  sanie  volume  of  straight,  machine-made  concictc  will  often  prove  less 
costly  than  the  said  "plums."  In  (•as(\  however,  there  is  old  stone  masoiuy 
to  dispos(>  of,  it  will  generally  be  found  cheaper  tO  Ufl6  it  aSOOO-IXiaii  gtopft 
in  the  concrete  rather  than  to  haul  it  away. 

Vibration  Ain>  Jigqinq  of  Fbesuly-mads  Concrsts 

During  the  past  year  there  has  been  oonaderable  talk  about  the  bana- 
fits  to  be  derived  by  fresh  concrete  through  vibration  aiMl  jiggn^;  bat  the 
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truth  is  fhat^  whik  saofa  treatment  nmetimes  augments  the  stiengthy  it 
often  has  the  opposite  effect  From  the  rfoum^  of  an  able  paper  by  Prof. 
Duff  A.  Abiams  entitled  'ISffeet  of  Vibration,  JiggiDg,  and  Vromm  on 
Fresh  Conorete"  the  author  extracts  the  following: 

Tho  iiulirations  of  the  vibr!itif>n  and  ji(Q(ing  tests  should  not  be  misintrrproted. 
The  tests  show  that,  after  the  concrete  is  properly  placed,  these  methods  of  treatment  do 
DO  good,  and  may  be  harmful,  if  too  severe  or  too  long  continued.  Plowcvcr,  there 
ma  be  no  doubt  of  the  value  of  such  methods /or  getting  concrete  irUo  place  in  intricate 
fonoB  and  around  ireinforaQg  ban.  The  teats  are  of  value  in  abofring  that  thii  ii  the 
only  deaiiable  function  of  such  treatments. 

The  testA  show  that,  with  jigging,  high  strength  may  ba  seottied  with  drier  nina 
than  would  othcn^'ise  be  feasible.  It  is  a  matter  of  common  cxporipnce  that  concrete 
of  drier  consist^^ncy  (and  consequently  higher  strength)  can  be  placed  by  means  of  jig- 
ging or  vibration  than  would  be  possible  by  the  usual  met  hods. 

It  ia  dear  from  theee  ieili  that  if  tamping,  vflwation,  or  pnwuie  en  fimh  eonerele 
ii  to  be  effective  in  inoreaahig  ita  strength  three  laoton  must  be  iMpI  in  mbd. 

(1)  We  must  take  advantage  of  the  fact  that  with  theee  methods  the  eonerete  can 
be  placed  and  finished  drier  than  with  ordinary  methods. 

(2)  Excess  wat<»r  which  is  brought  to  the  surface  must  be  removed. 

(3)  We  must  take  advantage  of  the  fact  that  aggregate  of  a  coarser  grading  may 
be  used  when  such  methods  are  employed  than  would  be  practicable  otherwise. 

T1ieadvaata|estDbegHiiedunder(8)arBduetothe  faetthat,  up  to  aeertain  point, 
a  plastie  mfac  oaa  be  seemed  with  a  smaller  qua&tilj  of  water,  if  the  aRpegate  is  aa 
coarse  as  practieahle.  Pnless  these  preoactMiis  STB  talwn,  tamping  sod  vibrati^ 
doubtful  value. 

AoB  or  CmocNT 

Prof.  Abrams  hjis  ]at<»ly  proved  thai  the  ultimate  strength  of  concrete 
in  compression  is  a  function  of  the  age  of  the  cement  at  time  of  mixing,  the 
fresher  it  is  the  greater  the  strength.  This  is  at  variance  with  the  idea 
which  governed  previou.sly,  viz.,  that  cement  is  better  for  a  little  aging; 
but  we  are  learning  these  days  that  many  of  our  old  ideas  about  cement  and 
eonerete  were  incorrect. 

In  Bulletin  No.  6  of  the  Structural  Materials  Research  Laboratory  of 
Lewis  Institute,  Prof.  Abrams  prosents  a  number  of  diagrams  showing  the 
percentages  of  loss  of  strength  in  compresmon  for  concrete  by  luing  cement 
that  had  been  stored  from  two  to  twenty-four  months^  as  oompared  with 
that  manufactured  with  perfectly  fresh  oement;  and  the  amounts  thereof 
aie  surprising.  They  average  fifteen  per  cent  for  two  months  and  fifty-five 
per  cent  for  twenty-four  months,  with  almost  proportionate  percentages  . 
for  intermediate  periods.  However,  the  loss  is  not  quite  as  bad  as  these 
figures  would  show,  because  the  experiments  prove  that  the  oonciete  tends 
to  recover  its  strength  with  age.  For  instance,  whm  two^nonths-old 
cement  is  employed,  the  loss  is  nineteen  per  cent  at  one  month  and  on^ 
eleven  per  cent  at  two  years;  and  when  two-yeaiKikl  cement  is  used  the 
loes  is  fifty-flik  per  cent  at  one  month  and  on^  forty-two  per  cent  at  one 
you* 
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The  large  amounts  of  these  losses  indicate  clearly  the  d^irability  (from 
the  standpoint  of  the  stiength  of  the  finished  product)  of  using  cement  as 
aoon  after  gEioding  as  is  practicable.  It  mu.st  not  be  forgotten,  however, 
that  oment  irtiioh  has  had  no  aging  is  hkely  to  be  deficient  in  regard  to 
soundness;  so  that  its  testing  in  reqwct  to  this  requirement  should  be 
extremely  thorough.  The  author  for  many  years  has  insisted  upon  twen^- 
eigjht  day  tests  on  oement  whenever  that  arrangement  would  not  delay  the 
progreofl  of  tlie  woik;  but  on  the  strength  of  Prof.  Afafam^  faH'^ps  he 
would  now  be  willing  to  aooept  on  seven-day  tests  any  standard  oement 
with  which  he  is  anquainted. 

^galnj  fliA  fwithw  has  sometimes  made  arrangements  for  **Mdaii|g 
storing  lugs  quantities  of  ement  at  the  manufaetoiy,  so  as  to  have  it 
available  when  needed;  but  he  may  now  be  obUged  to  forego  this  psaetieeL 

Prof.  Abrams^  apeiimeiits  were  made  on  sadDed  eement;  and  he 
intends  duplicating  them  iqwu  oement  dupped  in  bulk.  PoseiUy  the 
result  of  the  new  tests  will  show  that  keeping  the  oement  in  large  tnessfis 
win  pos^ne  somewhat  the  sudden  drop  in  strength  of  concrete  which 
ooeurs  with  oement  two  months  ohL  It  would  bo  interesting  to  leam 
what  the  loss  is  on  oement  one  month  old;  and  it  is  to  be  hoped  that  Prof. 
Abnons  wfll  add  to  the  vahie  of  his  yeiy  useful  eaqperiments  by  settling 
this  point 

FlKfnoTMXf  OP  IfuBB  Ooncsvn 

The  protection  of  f resh  oonorete  is  an  economic  matter,  as  far  as  the  ooii* 
tractor  is  concerned,  because,  according  to  all  properly  drawn  ipecifications, 
he  will  have  to  make  good  at  his  own  expense  all  damage  done  to  the 
oonorete  through  excessive  cold  or  heat,  or  any  other  oause,  before  the  final 
acceptance  of  the  finished  construction.  It  is  also  a  matter  of  economy  to 
the  owner,  because  if  the  concrete  is  at  all  dama^t  <1.  all  the  rppairing  that 
the  contractor  may  do,  short  of  entire  removal  and  rebuilding,  will  fail  to 
make  the  job  as  good  and  satisfactoiy  as  it  would  have  been,  had  no  sudi 
misfortune  ooouired. 

General  Remarks 

Prom  the  point  of  view  of  both  the  engineer  and  his  client,  it  is  truly 
economic  invariably  to  obtain  concrete"  that  is  firstKilass  in  ever>'  particu- 
lar— strong,  solid,  smooth,  and  hard — no  matter  how  much  it  may  co.sl; 
bocaiise  failure  of  any  kind  in  a  reinforced -concrete  structure  is  likely  to 
be  both  s<Tious  antl  expensive.  Many  large  bridges  of  that  type,  which  were 
construct(Ml  under  contracts  secured  through  competitive  bidding,  sliow 
after  a  few  y(>ars  sitrns  of  disintegration.  The  ultimate  result  of  such  work 
is  that  the  structure  sooner  or  later  will  require  either  extensive  repairs  or 
entire  rebuilding.  The  causes  of  such  failures  may  be  attributed  to  objec- 
tionable methods  used  by  contractors  in  order  to  cheapen  the  cost  of.iian- 
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dling  and  depositing  the  concrete — such  as  chiiting  it  long  dirtaiicei^  using 
gravity  mixers,  allowing  insufficient  time  for  mixing,  putting  too  mueh  water 

in  the  mixture  so  as  to  avoid  most  of  the  expense  of  tamping  and  woridng 
the  aggregate  back  from  the  face  of  the  forms,  permitting  the  employment 
of  too  large  pieces  of  broken  stone  which  fail  to  pass  between  the  reinforcing 
bars,  laying  concrete  in  freezing  weather,  and  placing  concrete  under  water 
when  there  are  available  other  methods  which  would  permit  depositing  it 
in  the  air  at  a  httle  greater  cost. 

At  the  time  when  the  "Final  Rejwrt  of  the  Joint  Coimnittee  on  Concrete 
and  Reinforced-Concretc"  was  presented,  the  above  condition  prevailed, 
but  since  then  much  important  research  work  on  concrete  mmufacture 
has  been  done,  and  there  are  now^  several  publications  which  give  valuable 
data  and  point  the  way  to  better  concrete  structures — notably  the  records 
of  the  elaborate  series  of  experiments  made  by  Prof.  Duff  A.  Abrams,  But 
as  this  treatise  is  intended  to  cover  solely  the  field  of  economics  and  not 
that  of  general  engineering  jjractice.  the  reader  is  referred  for  further  data 
on  the  manufacture  of  pro|X!r  concrete  to  the  well-known  "Report"  before 
mentioned;  the  "Transactions"  of  the  American  Railway  Engineering  Asso- 
ciation, the  American  Society  for  Testing  Materials,  and  the  American 
Society  of  Civil  Engineers;  and  the  "Bulletin"  of  the  StructUI^l-MatenaU 
iiesearch-Laboratoiy  of  the  Lewis  Institute. 

Tbe  autiior  is  indebted  for  a  number  of  valuable  suggestions  on  oonmto 
manufacture  to  his  friend,  J.  J.  Yates,  Mem.  Am.  Soc.  C.  E.,  Bridge  Engi- 
neer of  the  Central  Railroad  Company  of  New  Jersey,  and  Chairman  of 
the  Committee  on  Maboury  of  the  American  Railway  Eugiiieering  Asso- 
ciation. 


Digitized  by  Google 


CHAPTER  XL 


aCXXNOMICB  OF  BBBCTUnr 

The  data  for  this  chapter  were  furnished  by  the  authoi^B  old  Meodt 
Fniak  W.  Skinner,  Mem«  Am.  Soc.  C.E.,  who,  for  a  number  of  yetn,  made 
a  special  study  of  brid|se  erection  in  all  its  details,  and  gave  the  results  of 
his  findings  in  numerous  lectures  to  engineering  students  of  the  leading  uni- 
lenities  and  technical  schools  of  this  country.  Much  of  the  valuable 
material  that  be  ooUeeted  was  published  in  Etiffineering  Record,  of  which 
paper  for  a  long  time  he  was  the  ohief  editor  and  kadSng  qiHiit.  The 
author  feels  that  he  is  enseedinf^  fortunate  in  obtainiqg  for  the  writing  of 
this  obapter  the  aawstanoe  of  an  eminent  engineer  who  has  made  such  • 
thorough  study  of  bridge  erection  in  aU  its  ramificationB.  There  are  very 
few  engineers  who  are  fitted  both  experience  and  temperament  to  dia- 
oourse  scientifiGany  and  practically  oonceming  the  essentially  spedalind 
subject  of  the  economics  of  erection;  and  of  these  there  is  prohoUly  not 
one  who  poflBesses  such  a  grasp  thereof  as  does  BIr.  Skinner*  WhatfoOova 
is  given  aa  donly  as  practioable  in  hia  own  diction. 

The  erection  of  an  important  bridge  is  a  function  first  of  the  design, 
SBOond  of  the  location,  and  third  of  the  available  equipment;  and  its  eco- 
nomics are  directly  niated  to  these  fundamentals,  variations  in  whidi 
materially  influence  the  total  cost  of  erection  of  tpua  of  the  ssme  length, 
the  same  carrying  capacity,  and  the  same  type.  The  recognition  of  these 
facts  has  been  such  that,  in  this  oountiy,  the  art  of  bridge  erection,  partioi- 
larly  of  stod  spans,  has  been  highly  specialised— to  an  amount  comparable 
with  that  of  the  Idirication  of  bridge  superstructures  in  great  shops  fitted 
with  costly  tools  and  used  almost  exclusively  for  this  sbgle  purpose.  It 
has  resulted  in  the  development  of  a  clearly-defined,  standard  prsictice  and 
the  perfection  of  a  number  of  methods  for  securing  essentially  the  same 
effects  under  different  conditions  and  wit  h  difTerent  appliances  arranged  to 
secure  the  maximum  sjifcty  and  rapidity  v.-iih  the  minimum  total  cost. 

These  methods,  and  the  six'cial  equipnu  ntP  that  have  been  devised  for 
them,  make  it  possible  for  a  given  structure  to  be  handled  in  several 
radically-difTcrcnt  ways,  which  may  either  show  in  some  cases  compara- 
tively-uniform results,  or,  generally,  will  indicate  a  decided  advantage  for 
one  method  over  all  the  n^st. 

The  physical  and  mechanical  combinations  can  be  readily  analyzed 
80  as  to  give  a  limited  number  of  principal  cases  that  will  here  be  niftimifif^ 
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for  the  general  mkI  oompamtive  eocMKxnioSy  bo  that,  by  iutelllgeint  develop- 
ment and  modifioatkm,  thejr  will  cover  the  field  within  the  limtU  ci  justi- 
fiable oonstraotkm. 

The  subjeeta  oonflidmd  aie  divided  on  broad  linee  into  ated  and 
oonerete;  hog,  medimn,  and  ihort  bpbub;  and  hi|^  and  knr  atruetuieBk 

Steel  Bbcdoh 

As  far  as  possible  all  items  of  fabrication  should  be  completed  at  the 
bridge  shop,  so  as  to  reduce  the  amount  of  assembling,  fitting,  and  riveting 
in  the  field  to  a  minimum.  No  work  should  l^c  done  at  the  site  which  can 
be  performed  at  the  shop;  and  no  work  should  be  done  on  the  structure 
itself  that  can  be  performed  ashore  upon  the  separate  or  combined  pieces 
before  erection.  Standard  plant  and  equipment  should  be  used;  the  largest 
possible  proportion  of  work  should  be  done  by  machincr}'  and  power;  and 
the  most  skilful  and  ezperisnced  labor  available  should  be  employed  in 
conformity  with  the  equation  d  the  different  costs  to  a  minimimi  for  the 
completed  work,  including  salvage,  rental  of  plant,  cost  of  transportation, 
installation  and  removal  of  plant,  and  the  greater  or  less  importance  of 
CKtm  speed  (as  in  case  of  danger  from  floods),  always  oonsiderEDg  the  fun- 
damental requirements  for  absolute  safely  and  the  exoeUenoe  of  the  fin- 
idied  work. 

It  is  assumed  that  the  methods,  plant,  equipment^  and  service  beet 
adapted  to  the  type  of  structure  and  the  givoi  conditions  are  available, 
and  erection  with  them  will  be  considered  the  economic  method;  but  this 
decision,  of  course,  is  subject  to  modification  when  the  problem  is  compli- 
cated by  artificial  conditions  or  by  sudden  emeigendes  that  make  diangea 
of  details^  methods^  or  equipment  safer  or  more  practicable,  as,  for  instance^ 
when  labor  trouUee^  difficult  transportation,  scareiiy  of  materials^  or  acci- 
dental physical  developments  make  the  original  preparation  susceptible  to 
delays  and  to  important  changes  of  conditions  that  may  have  a  vital 
influence  on  erection  operations;  and  radical  changes  in  the  original 
progranome  are  sometimes  iieoesBar>',  in  cMder  to  prevoit  large  incnaseaover 
the  proper  estlnated  cost 

Girder  Spans 

Tliese  are  plate  girders  or  riveted  trusses  of  such  dimensions  that  they 
can  be  erected  complete  as  units,  usually  not  exceeding  50  or  60  tons  in 
weight,  100  feet  in  length,  and  16  feet  in  depth.  Even  these  limits  are 
likely  to  be  excessive  for  transportation  by  rail  from  the  fabricating  shop, 
the  siae  generally  being  limited  by  bridge  and  tunnel  clearances  and  track 
curvature,  and  the  weight  by  twice  the  capaeKy  of  eaeh  of  the  available 
cars* 

If  the  girdera  can  be  shipped  entire^  by  water,  the  Kmtts  for  trana- 
portation  are  veiy  greatiy  mcreased;  and  under  epedal  circumstances  tluy 
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pfooeai^  effected  by  one  or  by  two  dniidL  can  w 

tnmqwrt^aad  erect  the  giidera  in  poMtioni^ 

At  a  du»ct  cost  of  M  fittle  m  ixe^war  times  as  $1XX>  per  ton. 

Derriok  cars  or  their  equivalent  are  not  always  available  in  remote 
localitieay  and  are  not  generally  poflBeaaed,  eotoept  by  railroad  oompaniei^ 
bridge  companies  and  io^iortant  oontnetonL  In  their  abaenoe  the  givden 
can  be  handled,  ntually  leee  advantageoudy,  by  demefcn^  gin-polee^  and 
various  oombinations  of  jacking,  blocking,  roOkig,  and  oth^  operatkms 
that  may  be  devised,  modified,  and  combined  according  to  the  eatpetienee 
and  ingenuity  of  the  erector;  and  althoui^  theoretically  they  are  more 
expensive  and  less  efficient,  they  may  often  be  m<Mne  advantageous  than  the 
provioon  of  highndass  equipment  under  disadvantageous  flonditkma 

Viaduct  £&ection 

Viaducts  generally  consist  of  two  or  more  lines  of  plate  or  lattice  girders 
from  30  to  100  feet  long  on  towers  up  to  100  feet  high,  although  these  dimen- 
sions have  hcvn  considerably  exceeded  in  infrequent  cases.  The  ideal 
method  of  erection  is  by  means  of  a  derrick  traveler,  sometimes  called  a 
mule,  installwl  at  grade  at  one  end  of  the  viaduct  and  having  a  reach  long  | 
enough  to  erect  one  tower  and  one  connecting  span  in  advance;  after  which 
it  moves  forward  on  the  completed  portion  of  the  structure,  erecting  panel  i 
after  panel  as  it  procwds.    Such  travelers  have  at  least  two  main  lxx>ms  of  I 
great  length  and  one  or  more  auxilian,'  booms  for  hoisting,  swinging,  and 
placing  the  st(H'l  that  may  be  delivered  either  at  grade  or  on  the  surface  erf 
the  ground.    With  a  large  number  of  duplicate  heav>'  spans,  such  as  occur 
in  elevated  railroad  construction,  tliis  class  of  metalwork  can  be  erecttni  with 
great  rapidity,  a  record  of  1,00()  lineal  fc<>t  of  double-track  structure  per 
day  having  been  made  in  Brooklyn  witli  one  traveler  and  crew,  independent 
of  the  preliminary'  distribution  of  stci^l  and  the  subsequent  field  riveting. 

Where  the  ginl(M-s  have  been  too  long  or  too  heavy,  or  the  towers  too 
far  apart  for  erection  with  a  boom  of  practicable  length,  cantilever  travelers 
have  been  successfully  employed.  They  have  been  of  different  t^-pes, 
usually  having  an  elevated  horizontal  boom  overhanging  the  wheel 
base  by  the  length  of  one  tower  span  and  one  connecting  span,  and  equipped 
with  trolley  hoists  for  unloading  material  from  cars  on  the  tracks  in  the  rear  ' 
and  transferring  it  to  the  required  position  in  advance  for  aaBembiing  in  i 
the  structure. 

In  a  few  cases  where  there  has  been  a  great  length  of  viaduct  of  sub- 
stantially .uniform  height  above  the  surface  of  the  level  ground,  the  strao-  . 
ture  has  been  erected  by  a  strident  gantry  traveler,  moving  on  a  surface  , 
track  and  provided  with  several  sets  of  hoisting  tackles  to  handle  from  the  ' 
ground  (where  they  were  distributed)  the  qpan  and  tower  memben. 
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Medium  Spans 

Medium  spans  up  to  300  or  400  feet  laog,  Bad  Indhidiiig  some  short 
epaoa,  when  for  any  reason  it  is  impiactieable  to  handle  the  trusses  as  com- 
plete unitSi  are  generally,  in  the  ease  of  new  work,  erected  on  ordinary 
framed  wooden  falsework  by  means  of  one  or  two  derrick  cars. 

When  there  are  pile  foundations  which  can  be  placed  in  advance,  the 
derrick  car  can  rapidly  put  in  the  framed-falsework  bents;  after  which  two 
derrick  cars,  one  at  each  end  of  the  span,  if  two  arc  available,  can  place  the 
floor  system,  assemble  the  lower  chords,  erect  the  web  members  on  them, 
and  finish  the  erection  by  placing  the  top  chords,  top  laterals,  and  sway 
bracing  as  the  cars  rctmit  from  the  center  to  the  ends  of  the  span. 

For  heavj'  structures  where  the  toj)  cliords  involve  too  great  a  load  for  a 
pair  of  derrick  cars,  or  where  locomotive  cranes  are  used  insteatl,  they  can 
be  supplemented  advantageously  by  a  siuiple  gantry  traveler  to  handle  the 
hciiviest  members. 

It  is  entirely  practicable  to  execute  the  erection  wholly  with  the  gantry 
traveler;  but  that  traveler  is  costly  to  construct,  ciiflicult  to  trans]X)rt  from 
job  to  job,  and  not  as  rapid  or  economical  as  derrick  cars  when  the  latter 
are  available. 

Al/IBBNATIVB  MeTHOOB 

If  the  elevation  of  the  span  is  exceedingly  high  above  the  water;  if 
there  is  great  danger  from  ice  or  floods;  if  the  bottom  is  ver>'  treacherous  or 
difficult;  if  the  current  is  too  fierce;  or  if  the  space  underneath  the  span 
must  not  be  obstructed  by  falsework  (as  when  it  is  required  to  l)e  left  open 
for  navigation  or  for  heav>'  city  or  railroad  traffic  beneath),  falsework 
becomes  too  dangerous  or  expensive  or  is  wholly  inadmissible,  and  eome 
other  system  of  erection  must  be  devised. 

The  most  common  methcKl  is  l)y  cantilever  erection  from  each  end  of  the- 
span,  the  truss  members  t>eing  nuule  heavier  or  t('mj)orarily  reinforced 
until  the  center-panel  connections  are  made  and  the  structure  is  trans- 
formed into  a  simi)le,  s<']f-su]i|>orting  span.  This  method  involves  either 
the  provision  ef  special  anchorages  and  countenveights  or  the  erection  of 
alternate  spans  in  advance  so  that  they  may  ser\'e  as  anchorages.  Canti- 
lever erection  is  always  objectionable  when  it  can  be  avoided,  l)ecausc*  it 
is  much  slower  and  more  costly  than  falsework  erection,  and  as  there  is 
greater  danger  of  injury  to  the  uncompleted  structure  by  sudden  fitonus  or 
from  various  accidents  than  there  is  when  fals(nvork  is  used. 

Sometimes  falstnvork  of  various  typ<^s  can  be  provided  eccentric  from 
the  alignment  of  the  bridge,  and  the  permanent  span  may  be  erected  on  it 
by  the  ordinary  method — then,  when  complete,  moved  transversely  to  the 
lequired  position  and  permanently  seated  on  the  substructure. 

The  method  of  protrusion  is  occadonaily  employed  abroad  and  has  infre- 
quently been  adopted  in  America.  When  it  is  used,  the  span  is  erected 
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complete  at  one  end  of  the  bridge  and  aa  nearly  as  poenble  at  the  requiied 
level,  the  rear  end  is  oounterweigfated,  and  (especially  if  there  is  <Mily  a 
single  span)  the  forward  end  is  extended  by  a  tempoiaiy  fulot  tmss^  when 
such  extensbn  is  necessary.  Each  span  is  puhhed  forward  longitudinally  on 
rollers  until  the  forward  end  or  extensbn  takes  roller  bearing  on  the  next 
pier,  so  as  to  support  it  during  the  farther  advance  until  the  span  comes  to 
poaitton  and  is  lowered  to  bearing.  If  several  spans  are  erected  in  the  shds 
way,  they  are  temporarily  connected  to  fonn  a  continuous-girder  structme 
during  protrusion. 

Where  a  number  of  spans  of  substantially  imiform  and  moderate  lengths 
are  constructed  in  one  bridRe,  they  have,  under  certain  circumstances,  been 
erected  on  a  platform  suspended  from  a  temporary,  overhead,  movable 
8pa,n  that  travels  from  pier  to  pier  as  the  work  progresses. 

Whore  the  ground  under  the  bridge  is  accessible,  unobstnictod,  and  (X)m- 
paratively  level,  and  when  materials  can  be  delivered  there,  it  may  be 
possible,  as  has  occurnxi  in  some  cases,  to  distribute  the  steel  in  advance  at 
low  level,  erect  the  spans  there  complete  in  the  proper  alignment,  and  raise 
them  to  n^quired  position  and  elevation  as  the  piers  are  l)uilt  up. 

Considerable  ust^  has  l>een  made  of  the  floating  method  whereby  the 
spans,  having  been  erected  in  the  usual  mann(T  on  shore  or  on  falsework 
built  in  comparatively  shallow  and  sheltered  waters,  have  \yeen  transferred 
to  the  decks  of  scows,  towed  to  position  Ix'tween  the  pi(Ts,  and  aligne<i  with 
their  seats  on  the  latter,  usually  at  low-level  ele\ati()n,  and  lowered  to 
place  by  the  use  of  water  ballast  or  tidal  fluctuations  or  both. 

In  very  difficult  and  unusual  conditions,  as  in  some  mountain  railroads, 
temporary  suspension  spans  have  been  built,  the  permanent  spans  erected 
on  them,  and  the  suspension  sjjans  removed. 

The  above  methods  and  their  ('nml>inations,  variations,  and  modifica-  | 
tions  have  all  bcfni  su('('es.sfully  us<'d  on  different  occasions;  and  together 
they  cover  the  principal  features  of  ordinary  erection  for  medium,  long, 
and  short  spans.  Any  one  of  them  under  special  conditions  may  become 
the  economic  method  for  erection  in  that  case;  but  where  it  is  practicable, 
the  method  of  erection  on  ordinary  falsework  with  a  derrick  car  or  traveler 
is  likely  to  be  most  desirable  and  economic 

Long  Spans  ' 

(Jp  to  about  700  feet  in  length  and  150  feet  in  clear  heightt  speos  lum 
been  erected  on  framed-timber  falsework,  which,  of  course,  for  such  extreme 
dimensions  becomes  very  costly,  but  permits  more  rapid  and  satiflfactoiy 
assembling  of  the  span  than  do  the  other  methods,  thus  wiftJnng  preeomp- 
tion  of  economic  desirability  for  this  method  when  it  can  be  used. 

The  very  fact  that  conditions  require  spans  of  more  than  400  feet  is 
quite  likely  to  indicate  deep  water,  bad  bottom,  swift  cumnt,  greit 
height,  or  wide,  unobstructed  openings  between  the  piers  that  will  make 
falsework  impracticable. 
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In  such  cases,  as  in  medium  spans,  the  most  common  sohition  is  erec- 
tion hy  iho  cantilever  methcxi,  generally  counterbalancing  the  cantilever 
anus  from  previously-completed  jxjrtions  of  the  pennanent  structure, 
building  both  cantilevers  of  the  same  spans  simultaneously,  and  connecting 
their  extremities  by  an  independent  susp<mded  span  designed  to  resist 
cantilever  stresses  developed  by  erectioa  and  to  fuDction  subsequently  as 
a  simple  span. 

Cantilever  spans  have  been  erected  up  to  a  length  of  1,800  feet  with 
reeulto  which  indicate  that  the  same  method  can  be  extended  to  lengths 
several  hundred  feet  greater.  Serious  oonaderation  has  been  given  to  the 
practicabihty  of  ooDStrooting  cantilever  spans  up  to  3,000  feet  in  length, 
which  length  approaches  tl)e  present  limit  set  by  the  strength  of  materials; 
and  such  a  detailed  design  would,  of  course,  involvB  the  development  of 
complete  cantilever<>rection  plant.  In  this  case  it  is  probable  that  the 
assisted  cantilever  method  or  some  modification  of  it,  such  as  has  already 
been  adopted  in  some  large  cantilever  spans,  would  be  employedi  whereby 
temporary  supports  would  be  placed  under  the  cantileverB  between  the 
pennanent  piers^  thus  greatly  redueing  the  erection  strenes. 

The  length  and  wdght  of  the  monbera  of  the  suspended  tnuM  m  a 
cantilever  spaa  neoeeatate  their  erectioa  by  a  heavy  traveler,  and,  if 
aeeompliahed  by  the  cantilever  method,  produce  a  great  inerean  Of  the 
BtrooBoe  developed  by  the  erection  of  the  cantilever  aims  proper.  In  order 
to  avoid  these  stresses^  and  for  other  reasoiis,  the  suspended  qpan  has  in 
eome  instances  been  erected  complete  at  a  low  level,  towed  to  pootion  imder 
the  ends  of  the  finished  cantilever  aims,  hoisted  up,  and  connected. 

In  another  case  of  a  long-qpan  cantilever,  the  ends  of  the  cantilever 
aims  were  connected  by  a  lii^t,  temporaiy  suspension  bridge  on  whidi 
the  permanent  8U^)ended  span  was  erected. 

The  difference  in  local  conditions,  type,  and  other  featoree  may  make 
any  one  of  these  methods  the  most  economic  one  for  the  given  caas,  so 
that  for  an  extremely  large  structure,  all  of  them  will  prabab^y  have  to  be 
analyaed  for  the  final  comparative  determination. 

Suspension  Bbidqes 

Short-span  and  temporary  su&penaion  bridges  may  be  designed  with 
main  cables,  each  composed  of  one  or  more  twisted  wire  ropes  extending 
continuously  from  anchorage  to  anchorage,  that  can  be  delivered  complete 
at  the  site,  and,  with  ordinary  appliances,  pulled  across  the  river  from 
tower  to  tower  iiiul  from  tower  to  anchorage,  secured  in  place,  and  adjusted, 
after  which  the  erection  fron.  tlicni  of  the  remainder  of  the  superstructure 
is  comparatively  simple  and  easy.  Generally  this  is  the  most  economic 
method. 

For  all  lone-span  Rus]>(^nsion  bridges,  the  universal  method  of  erection 
has  been  the  preliminary  construction  of  falsework  suspension  bridges^ 
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erected  as  described  for  short-span  and  modiiim  RiFpcnsion  bridges,  and 
their  use  as  suspended  falsework  for  the  construction  of  the  main  cables 
built  up  from  straight  wires  siiliewl  to  fomi  continuous  lines  reachinf 
around  and  around  the  anchorage  pins  and  adjusted  to  the  proper  catenary 
curve  and  elevation  as  they  are  successively  laid.  These  are  grouped  first 
into  strands  and  then  into  the  main'cables;  and  the  stiffening  tninnfn  and 
the  roadwajrs  are  erected  on  them  by  meaoa  of  ample  travelers. 

Suflpeiudoii  bridgoB  having  eye-bar  chains  could  be  erected  in  a  flanilar 
mM>iM»  fran  a  tODEmorarv.  BUflDenaoii-lalflewQfk  niatfonn. 

Abch  Spans 

Very  ihort  ansb-flpans  ahouki  be  erected  like  glider  wpm,  and  Iwuidied 
aa  unitfl  any  eonvenient  apparatus.  Medium  and  long'qfiana  are  gen- 
etally  erected  on  falaewmk  or  the  cantilever  method.  As  in  the  case  of 
oidinaiy  truaa  epani^  erection  on  falsework  is  eoonomie  ^dien  pinetieable; 
and  for  arofaes  of  the  plate-girder  or  solid-rib  ^rpe  this  method  can  hanQjr 
be  replaced  by  any  otheri  when  the  spans  are  of  any  eonaderafaile  length. 
Care  must  be  taken,  however,  to  brace  the  falsework  thorough^  00  as  to 
iQfliBt  the  oUique  stresRS  and  thrusts  that  are  produced  ^ 
as  the  inclined  sectionsof  girders  are  amembled,  unless  particular  pains  are 
taken  to  arrange  them  so  as  to  maintain  balanced  reactions  throagjioot 
the  erection*  Flate-girder  areb-«pans  up  to  510  feet  long  have  been 
.erected  on  falsework. 

Truss  aroh-spans  may  be  erected  by  the  cantilever  method,  which  has 
been  employed  suocesafully  for  most  of  the  large  spans  and  up  to  the 
greatest  present  maadmum  of  about  1,000  feet  dear  opening.  By  this 
method  the  top  chords  of  the  semi-epans  which  are  buiH  eimuhaneoiiriy 
are  tied  back  to  sufficient  anchorages  with  adjustable  eomieetions  so  that 
the  spans  miQr  be  revolved  around  their  ekewbaok  hinges  in  order  to  make 
the  center  connection  at  the  crown* 

Ekection  Plant 

A  very'  important  feature  in  the  economies  of  bridpe  erection  is  the 
design  and  operation  of  the  sjx'cial  phxnt  provided  for  handling  the  hea\7' 
meml^ers  in  tlie  field.  It  has  In^'n  found  ^ockI,  economic  practice  to  expend 
large  sums  in  the  construction  of  ])lant  for  the  erection  of  a  single  stnicture^ 
and  for  the  e(juii)ment  of  the  field  force  with  special  niachincn*'  antl  jwwer 
appliances  of  great  capacity.  This  apparatus  is  so  costl\-  that  none  but  the 
most  important  construction-companies  keej)  it  in  stock;  and  tlie  existence 
of  availaV>l(^  plant  of  tliis  nature  is  often  an  important  factor  in  the  design 
of  the  structure  and  in  the  award  of  the  construction  contract.  Among  the 
important  standard  appliances  for  l)ridge  erection  are  derrick  cars,  derricks, 
hoisting  engines,  and  riveting  machineiy  that,  in  general,  are  applicable  for 
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all  Tery  large  jobs,  and  mayi  therefare,  oonakiiute  a  part  of  the  regular 
equipment,  the  flame  ae  do  the  tools  in  the  fabrieating  ^op. 

The  coet  of  their  tnmaportatioii,  mwtallatiop,  and  lemoval  is,  however, 

a  q)ecial  feature  that  must  be  oonsidered  m  the  detennination  of  the  eco- 
nomics of  each  structure.  For  very-long-span  trusses  there  are  necessary 
enormous  steel  travelers  that,  with  their  equipment,  may  sometimes 
weigh  1 ,000  tons;  and,  when  the  job  is  finished,  they  are  likely  to  be  unsuitr 
ablc  for  future  work  and  of  comparatively  small  value  for  salvage. 

For  very  heavy  work  it  is  also  necessary  in  some  cases  to  provide 
Btnictural-st«el  falsework  and  to  employ  considerable  ingenuity  in  its  con- 
struction from  portions  of  the  permanent  structure  afterwards  to  be 
erected.  The  repeated  use  of  siH;cial  erection-metal  and  its  availability  for 
other  purposc^s  aft€r  the  finishing  of  the  job  are  important  elements  in  the 
economics  of  the  problem. 

As  the  principal  members  of  long  spans  have  attained  a  maximum 
weight  of  more  than  100  tons  each,  it  has  been  necessar>'  to  provide  S|x^cial 
methods  of  handling  them  and  of  securing  them  to  tlie  hoisting  apparatus; 
and  considerable  smns  have  been  spent  in  the  construction  of  steel  j'okes, 
clamps,  beams,  and  other  special  devices  intended  solely  to  provide  rapid 
and  effective  connections  to  these  pieces  and  to  enable  them  to  be  accurately 
and  safely  handled.  Such  appliances  greatly  reduce  the  yir>f>MT1ltr  of  hand 
labor  and  justify  considerable  preliminary  expenditure. 

Rbflacinq  Stebl  Bbdmhb 

The  replacement  of  steel  bridges  almost  always  involves  the  mainte- 
nance of  traffic  on  the  bridge  and  often  of  navigation  below  the  structure 
during  the  process  of  reconstruction.  In  most  casee  the  new  structure  is 
on  the  same  alignment  and  nearly  or  quite  at  the  same  elevation  as  the  old 
one;  and  freffOently  the  old  substructure  is  satisfactoiy  with  mmor  modi- 
fications to  receive  the  new  superstructure.  It  is  often  difficult,  and  some- 
times very  expensive,  to  divert  the  traffic  from  the  old  structure  while  the 
new  one  is  being  erected;  hence  the  problem  of  leoonstniction,  especia% 
of  long  and  high  spans^  thus  becomes  one  of  the  most  diflSeult  and  eipensive 
that  are  hkely  to  be  encountered,  and  the  eoonomics  vaiy  so  greatly  that 
no  general  detennination  can  be  made,  necessitating  that  they  be  investi- 
gated independently  for  each  structure. 

For  short  qpans  where  the  whole  span  or  its  sing^  complete  giiders  or 

trusses  can  be  handled  as  units  by  travelers,  derrick  cars,  or  other  apparatus 
timveling  on  the  ground  alongaide,  or  on  the  structure  itself,  and  especially 
where  the  bridge  is  a  double-track  railroad  strueturci  it  is  usually  compara- 
tively eaqr  to  divert  traffic  to  one  remove  the  old  structure 
piecemeal,  putting  in  the  new  parts  as  fast  as  the  old  ones  are  taken  out  and 
gradually  rebuildmg  the  entire  superstructure. 

For  viaducts  this  may  frequently  be  done  with  twodeniokearsliaodliQg 
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the  giitkn  together,  one  at  each  end,  provided  the  towen  do  not  need 
removal;  but  in  the  latter  eaae,  partioidarly  if  the  viaduct  iaveiy  fai|^  and 
the  oonneoting  spans  are  long,  the  prahlan  beeopiea  one  of  gicai  ^iSiiW«Hjr 
and  expense. 

This  replacement  can  be,  and  has  been,  accomplished  by  supporting  the 
ifaructure  ou  falsework ;  by  suspending  it  from  overhead  spans  long  enoug^i 
to  reach  from  tower  to  tower,  antl  carrj'ing  successively  both  old  and  new 
structures;  and  by  providing  new  towers,  or  portions  of  new  towers,  before 
the  old  towers  are  wholly  or  partly  nMiioved. 

All  of  these  methods  are  likely  to  he  slow,  hazardous,  and  expimsive; 
and  they  must  be  veiy  carefully  planned  in  detail  for  each  structure  con- 
sidered. 

When  the  old  and  the  now  structures  can  successively  sii{)]K)rt  each 
other  during  the  construction,  or  when  it  is  possible  to  by -pass  the  t  rathe, 
or  to  transpose  old  and  new  structures  transvers<>ly  in  sections,  or  when  it 
is  possible  to  build  new  towers  inteniieduite  l)etween  the  old  ones  or  adja- 
cent to  them,  the  difficulties  are  likely  to  l>e  considerably  ^iininiah<>f^^  but 
such  favorable  conditions  do  not  frequently  prevail. 

As  the  economics  of  design  necessitate  a  rapid  increase  of  span-lengths 
and  w'eight  with  increasing  height  of  track,  the  units  handled  in  recon- 
structing a  high  viaduct  become  ver>'  large,  and  the  derrick-{\ar  method 
and  the  tyanalation  of  the  structure  aa  a  whole  are  likely  to  beimpractaisabteu 

Rkflacino  Shobt  Spans  ok  Old  SuBMHucnnn 

Several  methods  ol  replacement  of  short  and  medium^ength  spans  hs9B 
been  devised  and  repeatedly  eieeuted  until  they  are  to  a  eertain  degree 
standardized;  and  under  ordinary  conditioiiB  they  may  ftequentily  be 
selected  by  inspection  and  modified,  if  necessary',  to  suit  the  ipeoial  oondi- 
tiooB  and  requirementa  of  the  case.  Under  such  circumstances  the  method 
that  provides  t  he  most  shnple  and  raind  opmtiona  with  the  kaat  temporaiy 
oonBtruetion  ia  likely  to  be  the  moat  econ<nnic. 

Where  the  spans  are  over  water  that  is  not  too  swift  nor  too  nmeii 
obetracted,  and  where  navigation  peimita,  it  ia  frequently  poeable  to  phoe 
both  the  old  and  the  new  span  on  baigea  or  their  equivklentfl^  and,  at  the 
given  time,  disoonneet  the  old  span  from  its  original  support  and  carry  It 
immediately  transversely  out  of  poattion,  and  smndtaneoody  or  auccea* 
aive^  move  the  new  span  into  the  fonner  position  of  the  old  one,  aeatingit 
on  ita  permanent  foundations,  the  old  apan  being  removed  to  any  suitable 
location.  ThiB  qrston  is  frequently  used  for  drawbridges;  and  under 
favorable  drcumstances  the  entire  operation  ean  be  cohehided  with  onbr  a 
very  short  interruption  to  traffic  on  the  straeture.  The  spans  are  luntdly 
raised  and  lowered  by  regulating  the  amount  ol  water  ballast  in  the  barges. 

Replacing  by  transverse  displacement  has  been  successfully  aecom- 
plished  for  spans  up  to  200  feet  or  more  in  length.  By  this  method  ilie 
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new  span  is  completely  (Tected  as  close  alongside  the  old  span  as  possible, 
and  the  floor  is  placed  on  it  ready  for  traffic.  Upper  and  lower  sets  of  track- 
rails,  trans\'erse  to  the  bridge  axis  and  extending  completely  under  and 
b^ond  both  the  old  and  the  new  span,  are  placed  beneath  the  ends  of  both 
qians,  and  are  aepaiated  by  live  rollers.  JBoth  the  old  and  the  new  span 
are  seated  on  the  upper  traek-rails  and  are  moved,  usually  omultaoeoin^y 
transversely  until  the  old  wpen.  is  carried  clear  ol  the  alignmenti  the  new  span 
following  it  up  until  it  oomipieB  the  required  pennanent  position,  when  it  is 
lowered  to  itsmasoniy  seat  and  the  old  span  is  dismembered  and  removed. 
The  operations  are  aooomplished  with  i^draulic  jacks  and  power  tackles; 
and  the  work  can  sometimes  be  done  so  rapidly  as  to  involve  only  a  lew 
minutes'  intenruptton  to  traffic  The  rapklity  of  the  work  is  often  an 
important  eeonomio  oonsideratibn  that  may  outweigh  oonsiderobile  eoctra 
eoqiense  in  the  wi^  of  labor,  material,  and  equipment. 

For  Eptaia  of  more  than  100  feet,  it  is  often  desirable  to  support  the  old 
span  on  f alsewofk  that  is  designed  also  to  cany  the  new  span  during  erec- 
tion, and,  after  the  removal  of  the  old  trusses,  to  erect  the  new  span  on  the 
falsewoik,  frequent^  while  the  traffic  is  eairied  on  the  old  floor  that  is  still 
supported  by  the  ssid  falsewoilL 

If  the  old  span  is  strong  enough  to  sustain  the  new  wptoi  during  eon- 
struetion,  plus  the  weight  of  the  minimum  traffic  neoessary,  the  new  speax 
may  be  so  designed  as  to  pennit  its  construction  by  this  method;  and,  after 
completion,  it  may,  if  neoessary,  be  moved  a  short  distance  either  hmison- 
taQy  or  vertically,  in  order  to  bring  it  into  the  eiact  alignment  after  the 
old  structure  has  been  removed. 

Li  other  cases  the  new  span  may  be  designed  with  transverse  dimensions, 
greater  than  those  of  the  old  structure,  that  enaUe  it  to  be  built  outside  of 
the  latter  and  practically  independent  of  it,  so  that  the  new  construction 
may  be  substantially  completed  while  traffic  is  maintained  on  the  old 
structure;  after  which  it  will  receive  traffic  and  will  support  it  and  the 
weight  of  the  old  btructuiu  whilst  the  latter  is  removed  piece-meal. 

RXFLAGINO  LONQ  SPAHB 

Comparatively  few  ver>'-lonp:  spans  have  hern  replaced  by  new  ones  in 
the  same  alignment.  The  priiu'ii)les  governing  the  o|X'ration  are  sub- 
stantially those  develoj>ed  for  moderate-length  spans,  with  the  exception, 
pcM-liaps,  of  the  application  of  the  cantilever  method,  by  which  the  trusses 
of  new  long  spans  have  been  built  out  as  cantilever  arms  which  clear  the 
old  structure  and  are  self-supporting  during  erection. 

If  traffic  can  be  diverted  from  tlit^  old  structure  during  its  replacement, 
ihe  old  trusses  will  be  likely  to  be  found  strong  enough  to  support  the  new 
span  during  erection;  and,  if  there  are  more  than  two  lines  of  irufises, 
the  old  ones  may  be  successively  replaced  In'  t  he  new  ones. 

In  the  case  of  a  suspension  bridge,  the  factor  of  safety  of  the  cables  is 
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fueh  thftt^  if  irsO  deogned,  thi^  are  likely  to  oadast  the  roadway  and 
tniflSBBy  oonaeqiiently  the  latter  can  easfly  be  replaced  without  olher  support 
than  that  afforded  by  the  cables  themeelves. 

For  flpans  approaching  the  present  limits  of  lengths,  the  neceasary 
practice  is  for  such  efficient  construction,  capacity,  and  maintenance  that 
there  is  little  proe^ject  of  any  need  for  replacement  of  the  superstructures; 
and,  should  it  become  necessary,  there  would  proVjably  \w  little  choice  of 
methods.  Any  scheme  t  hat  would  be  possible,  however,  should  be  entitled 
to  favorable  consideration. 

Erection  of  Concrete-Gibder  Bridges 

Concrete-girder  bridges  are  usually  concreted  tn  miu  by  ordinary  meth- 
ods and  with  standard  equipment  involving  regular  operationB  that  do  not 
present  any  epecial  eoonomic  features.  There  may,  however,  be  a  decided 
eoonomic  consideration  in  the  question  of  using  pre-cast  members  for  aach 
stmottires^  The  laige  capadly  of  derrick  cars  and  of  other  eqnipiiient 
that  is  availaUe  mabes  it  possible  in  some  cases  to  cast  long  guders  and 
heavy  floor  sbtbs  in  multipie.  In  the  Contractor's  yard,  remote  from  the 
bridge  site  and  under  conditions  more  favorable  to  good  work  and  eco- 
nomical operation  than  those  existing  at  the  latter,  and  afterwards  to 
tnmapOTt  the  weU^eeasoned  units  to  poation  and  set  them  in  place  ready 
for  service^  This  method  is  espedaOy  applieable  to  railwi^  structures. 

The  economic  considerations  are  likely  to  involve  not  only  freif^t  ctet 
but  also  quality  of  structure  and  rapidity  of  operations  as  affecting  the 
Interruption  of  traffic. 

Concrete  Arch  Spans 

Arch  spans  must  be  roncrc^tcd  in  situ  on  forms  ripidly  supported  against 
settlement  and  provided  with  devices  for  striking;  the  center  so  as  to  swing 
the  arch  free  of  its  construction  sup]K)rt  when  the  concrete  has  sufficiently 
hardened.  For  short  sjians,  low  heights,  and  where  obstructions  under- 
neath are  pennissible,  the  forms  can  usually  be  most  ecouomicaUy  sup- 
ported on  ordinary  falsework-bents. 

Where  the  height  is  great,  or  where  passage  must  be  maintained  under- 
neath for  stream  flow,  navigation,  or  traffic,  it  is  often  necessary  to  carry 
these  forms  on  arch-center  trusses.  For  short  spans  these  may  be  of  either 
timber  or  steel ;  but  for  medium  and  long  spans  they  are  almost  alwajrs 
constructed  of  riveted  steelwork,  usually  arranged  in  sets  braced  together 
and  often  moved  transversely  from  side  to  side  of  a  wide  bridge  and  kmgt* 
tudinally  from  span  to  span  as  the  work  progresses,  thus  making  one  set 
suffice  for  many  places. 
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EOONOMICB  OP  MaiMTENANCB  AMD  RmPAn^a 

Althouoh  in  yean  long  gone  by  the  author  did  considerable  work  in 
the  line  of  examination  and  repairs  of  old  bridges^  he  feels  (hat  he  can  no 
longer  consider  liimaelf  an  expert  therein.  It  is  a  case  of  temporn  m  utantur; 
for  the  methods  employed  today  in  bridge  repairing  are  eseentially  different 
from  those  that  were  in  vo^ie  some  two  or  throe  decades  ago.  For  this 
reason  the  author  appealed  to  several  old  friends  in  his  specialty,  who  are 
authorities  in  this  class  of  work,  to  furnish  him  data  for  the  writing  of  this 
chapter.  Several  of  them  generously  oomi^ed  with  his  request,  viz.,  Mr. 
Chas.  F  Loweth,  Chief  Engineer  and  formerly  Bridge  Engineer  of  the 
Chicago,  Milwaukee,  and  St.  Paul  Ilailway  System,  Mr.  Carl  S.  Heritage, 
Bridge  Engineer  of  the  Kansas  City  Southern  Railway  Company,  of  which 
line  the  author  is,  and  for  some  two  decades  has  been,  the  Consulting 
Engineer,  and  Messrs.  J.  Q.  Chalfant  and  V.  R.  Covell,  respectively  County 
Engineer  and  Deputy  County  Bhigineer  of  the  County  of  Allegheny, 
Penna.  For  their  truly  valuable  aid  the  author  desires  to  extend  to  these 
gentlemen  his  hearty  thanks  and  his  deep  appreoiAtion  of  their  kindness  and 
oourte^y. 

A  rule  of  praetice  which  the  author  established.for  his  own  gukbmoe 
folly  a  quarter  of  a  oentuiy  ago  seems  to  have  found  favor  with  the  pro- 
fesrion,  vis.,  that  any  old  bridge,  which,  in  either 
details^  would  be  overstressed  by  the  actual  live  loads  pasBing  across  it,  or 
likely  soon  to  traverse  it,  not  more  than  fifty  per  cent  in  excess  of  the 
standard  intensities  of  woridng  sfacsKS  employed  in  dewgnitig  new  strao- 
turesy  may  saf dy  be  aHowed  to  remain  in  use.  If  overstressed  much  more 
than  this,  it  should  be  removed  and  employed  at  some  other  ]ocati<m  where 
the  traffic  is  light,  or  else  scrapped.  Exception  was  made  in  the  case  of 
plate-girder  spans;  for  these  could  be  relied  upon  to  give  ample  waimng  of 
failing  strength  by  rivets  woridng  loose.  A  plate-giider  span  when  greatly 
overloaded  will  not  ooUapee  suddenly  as  will  a  pin-connected  or  even  an 
open-webbed-riveted  span. 

A  favorite  economic  expedient  of  the  author's  used  to  be  to  convert  two 
old  duplicate  bridges  into  one  and  put  in  a  new  one  at  the  crossing  left 
vacant.  This  scheme  was  specially  applicable  on  long  lines  of  lailway 
whm  standard  I-beam  and  deck-plate^prder  spans  were  used. 

The  more  cnide^  a  btklgo  was  desigiied  the  mofe  difficult  it  is  to  rein- 
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f one  it  ■>  w  to  make  it  cany  aatulBctorily  heavier  loads  than  thoee  lor 
wUoh  it  was  proportkmecL  In  faet,  the  character  of  detailmg  employed 
pievioiiatotheniiMtiBayinwhichdeMdetheadenmof  brid^  bc^an 
to  be  established,  was  so  oatrageously  unseientifie  as  to  lead  the  autiiar  to 
suggest  the  axiom  that  "the  best  way  to  vepair  anoldfaridiBisto  tluoir  h 
into  the  scrap  heap  and  build  a  new  one." 

Quite  often  bridges  are  repaired,  which,  from  the  standpoint  of  tme 
economy,  should  be  relefj;ated  to  the  discard.  One  such  case  of  scmie 
importance  occurred  in  the  author's  practice  in  the  late  eighties.  It  was  an 
old  Post  Truss  bridge  across  the  Missouri  River  at  Fort  Leavenworth, 
Kansas,  which  had  been  seriously  injured  by  the  burning  of  a  large  portion 
of  the  wooden  floor.  The  total  cost  of  the  repairs  was  somewhat  in  excess 
of  one  hundred  thousjind  dollars — an  amount  greater  than  the  smn  total  of 
all  the  subsec^uent  incomes  from  both  railway  and  highway  traffic.  In 
extenuation  of  his  action  in  repairing  this  structure,  the  author  might 
mention  the  fact  that  he  was  not  consulted  about  the  economics  of  the 
case  or  the  advisability  of  rej>airiniic,  but  was  simply  given  the  job  of  engi- 
neering the  reconstruction  of  the  damaged  structure.  However,  he  is  not 
sure  that,  at  that  stage  of  his  career  and  in  those  days  of  primitive  bridge 
design  and  construction,  his  judgment  was  far  enough  develo{)etl  to  enable 
him  to  come  to  a  truly  economic  decision,  iiad  the  problem  of  the  economics 
of  the  case  l)een  submitted  to  hini. 

The  method  of  solving  such  a  problem  is  to  estimate  upon  a  lil)eral  basis 
the  probable  cost  of  the  re])airs,  and  upon  a  <'ons<M-vat  ive  basis  the  probable 
duration  of  life  of  the  repaired  structure,  also  the  probal)le  costs  of  an  entirely 
new  bridge  bolli  at  the  date  of  consideration  and  at  the  expiration  of  the 
said  life.  If  the  latter  cost,  plus  the  cost  of  the  repairs  with  compound 
interest  thereon  up  to  the  time  of  the  renewal,  plus  the  ?Jt/  eo.st  of  removal  of 
old  structure  (i.e.,  cost  of  the  work  less  scrap  value)  is  smaller  than  the  net 
cost  of  immediate  removal,  plus  the  cost  of  a  new  structure,  built  imme- 
diately, plus  compound  interest  on  the  svmi  of  these  two  costs  at  the 
assimied  later  date,  plus  the  small  value  of  the  deterioration  of  the  new 
structure  in  the  interval  between  the  said  two  dates,  then  the  repairs  will 
be  warranted. 

It  is  evident  that  the  correct  determination  of  the  answer  to  any  sucf 
economic  question  demands  wide  experience,  sound  judgment,  correci 
vision,  and  a  practical  acciuaintance  with  the  theory  of  economics. 

In  the  old  days  a  large  portion  of  the  work  of  bridge  examination  and 
repairing  fell  to  the  lot  of  the  con.sulting  engineers;  but  such  now  is  far 
from  being  the  cas<N  because  it  is  only  for  veiy  large  and  important  struc- 
tures, or  those  having  movable  spans  of  a  complicated  character,  that  the 
independent  specialists  are  retained  on  repairs  and  reeonstniction.  Such 
work  is  ordinarily  done  by  the  bridge  engineers  regularly  employed  by  the 
railroads,  the  states,  and  the  municipalities;  and  these  men  hsve  beoome 
earaeedini^  expert  therein. 
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So  much  for  thv  author's  views  upon  the  subject  under  consideration; 
and  now  for  those  of  his  Ix-fore-mentioned  friends. 

In  respect  to  Mr.  Ix)weth'8  coutributiou  to  this  fiymposium,  on  Feb.  6^ 
1920,  he  wrote  as  follows: 

My  Dear  Dr.  Widdell, 

Replying  to  your  incjuiry  regarding  "Rridpe  Maintenance  and  Repairs,"  I  would 
refer  you  to  a  paper  which  wan  somewhat  hurriedly  written  in  the  fall  of  1918  for  the 
annual  convention  of  the  American  Railway  Bridge  and  Building  Ai^ciation,  entitled 
"Carrying  Bridges  Over,"  and  which  oovers  in  general  the  matters  referred  to  in  your 
lofetor.  This  paper  wu  wrHUn  during  the  itrai  of  war  times  when  sMwoik  wii 
ytgj  diffioolt  to  set  and  the  need  of  eoonotniee  was  uient;  heoos  it  was  neoeesarily 
quite  haslfljr  prepared,  and  I  feel  that  for  UBual  eonditioas  the  Tiews  eipteesed  thweiB 

ahould  in  scioeiseperts  bo  modified. 

My  experience  on  this  road  *  has  been  generally  one  in  which  it  was  comparatively 
easy  to  take  care  of  the  replacement  of  the  hghter  bridges.  We  have  a  great  many 
branch  lines  on  which  the  traffic  is  neoevarily  light  and  when  hi  maoy  oaaes  it  wiU 
always  remain  so.  Huts  was  little  kas,  thevtfom,  in  taking  a  Ui^  bridge  out  from  a 
fintHdass  line  and  pladng  it  in  a  seoond-daM  or  third-class  line  where  it  would  serrs 
Just  as  aseful  a  purpose,  at  least  for  many  years,  as  a  bridge  of  the  heaviest  classification^ 

To  do  this  involved  charges  to  Capit.nl  Arronnt  on  the  lighter  hnes.  During  wai 
times  we  were  not  in  a  position  to  assume  the  charges  to  Capital  for  improvement  of 
the  said  lit^hter  lines;  and  the  difficulties  of  getting  new  steelwork,  to  say  nothing  of  the 
Tery-rapidly-inrrrwMiing  eost,  resulted  in  a  new  eondition,  henes  ws  looked  into  ths 
matter  of  strengthening  bridges  in  place  more  fully  than  we  had  done  pw?iom|y,  with 
the  result  that  we  did  more  of  that  work  than  we  had  svsn  tboQi^  of  doing  before  that 
time.  All  of  thi.s  work  was  not  uniformly  satisfartory,  as  you  can  readily  sec,  because 
some  structures  did  not  easily  lend  theuLselves  to  strengthening  in  a  manner  at  all  suit- 
able from  the  desigiujr's  .'Standpoint  ;  but  by  the  exercise  of  judgment  and  some  courage, 
and  at  the  same  time  by  ignoring  some  of  the  refinements  of  calculation,  we  arrived  at 
renlls  that  pioduesd  eeonomies^  or  what  may  be  equally  important,  the  def enriag  of 
major  iFinm<iF*  even  at  the  loee  of  ultimate  eeonomy. 

The  eune  of  the  pocn*  is  their  poverty,  and  the  raOioads  hava  sometimes  been,  and 
to  a  large  extent  are  now,  in  the  position  where  present  eoonomy  is  periiaps  snora  to  bo 
oonsidered  than  ultimate  economy. 

Just  as  an  illustration  of  what  we  are  up  against,  we  have  on  one  of  our  second  or 
third-daas  lines  four  rather  krge  bridges  whioh  have  been  oanied  to  their  Umit.  The 
■nbstrofltwes  srs  very  old  snd  snnll,  snd  the  superstruoturee  sbo  srs  quits  old.  It  is 
an  eonsedin^  difficult  matter  to  strengtlien  them — in  fact,  we  can  only  hope  to  removo 
the  most  glaring  defects;  and  anything  we  can  do  in  that  line  will  permit  of  using 
only  slightly  hsaTier  power  than  the  quitO'4ight  power  now  being  operated  over  that 
division. 

Our  progmm  for  strengthening  would  involve  a  cost  of  about  174,000.  To  replace 
the  bridges  with  now  struotures  would  require  probably  more  than  $600,000.  It 
seems  too  bad  to  spend  so  laigs  a  sum  on  these  old  struetures;  but  amuming  that  wa 

eould  carry  them  along  safely  for  only  four  3rean,  that  would  maka  an  annual  oost  of 

only  $18,500,  exclusive  of  interest,  and  we  should  have  saved  an  expenditare  of  over 
$500,(X)0,  the  interest  on  which  would  amount  to  at  least  S30  000  a  year.  In  this 
instance  a  new  structure  could  be  credited  with  a  considerable  amount  for  the  greater 
safety  and  other  considerations  incident  to  the  better  bridge,  but  I  think  we  shall  have 
to  daoide  favorably  on  the  astnmdinary  repain  lor  what  will  probably  be  but  a  short 
period-of  usefuhMH. 

*  Chicago,  Milwaukee,  &  St.  Paul  Kaiiwsy  SysteoL 

Digitized  by  Google 


410. 


ECUI^OMICa  OF  BRIDGEWOBK 


We  arc  now  aiming  to  rt^strict  fiber  strossos  in  all  stnictures  to  the  lower  limit 
indicated  iu  the  paper,  with  the  uuderstauduig  tiiat  some  features  of  the  design  or  other 
coaditbMi  nay  hmJw  cwp  thii  lower  Mmit  jiMdmiwibte  and  trffw  mrm, 
.  TbeinoieimiNVtHit  parts  oi  the  papwii^^ 

QSNERAL  CONSIDS&ATIONB 

In  the  maintenance  of  bridges  there  are  two  general  oonaiderations  to  Le  observed: 
1.  Safety  in  earrying  the  neeoaaiy  tnlBe. 

3.  Eoonomy— ta^  obtaimng  the  maadmun  life  Iran  the  atmetova  at  leaaDBaUa 

maintenance  ccwit. 

On  all  railroads  which  are  twenty-five  or  more  years  old,  there  are  umirlly  a  ntimbcr 
of  light  capacity  bridges  which  impose  more  or  less  restrictioixs  on  the  tniiii  loadings 
that  can  be  handled  over  the  lines.  This  is  a  very  serious  problem  on  railroads  which 
have  many  bridges  that  were  built  during  the  eighties  and  early  nineties. 

New  bridgee  are  generally  dwrigiwd  for  the  heaviest  engioe  and  oar  InndingB  m 
eodatenoeatthetmie.  In  imiportioning  them  there  iB»hoiraver,  a  oertam  margin  between 
the  unit  stresses  which  are  used  and  the  maximum  unit  stresses  wUeh  the  material 
can  safdy  carry.  This  margin  provides  an  allowance  for  some  future  increased  enirine 
and  train  loadings,  in  addition  to  the  contingencies  which  are  usually  emhraoed  by 
the  term  "  factor  of  safety." 

The  term  "Cla.s.«iifieation  of  Bridges"  is  tised  to  describe  the 83r8tcinatic  investigation 
of  light-capacity  bridges,  with  the  view  to  determining  the  mATrimnm  loads  which  can 
safely  be  carried. 

Formeriy,  the  oommon  practice,  when  a  new  engine  loading  was  op  for  eonaider* 
ataon,  waa  to  iuTHtigate  all  of  the  light  faridgea  on  the  lanee  where  the  nwoC  the  heafy 

loading  was  contemplated.   Stresses  throi||^baili  the  structures  for  this  loading  Wtn 

figured,  and  ch^rision  then  made  by  the  one  responsible  for  the  said  structures  as  to 
whether  the  load  could  be  safely  handled.  Each  time  a  new  loading  came  up  for  con- 
sideration the  process  was  rei)eated;  and  Uttle  or  no  use  was  made  of  the  previous  com- 
putations. 

The  present  praotiee  on  the  C.  Bf.  ft  St  P.  By.  is  to  make  an  investigataaii  or 
"classification"  of  each  structure.  Its  carrying  capacity  is  detenniaad  hitema  of  a 
standard  aeries  of  train  loadings.  New  engine  and  car  W^**B|ff  that  come  up  for  con- 
sideration are  classifietl  in  the  same  series  of  standard  loadings,  and  it  is  then  a  matter  of 
direct  comparison  to  tell  whether  such  proiMx^ed  loadings  can  be  siifely  handled  over  the 
various  bridges.  Every  bridge  whose  date  of  construct  ion  indicates  that  it  is  of  li^t 
design,  or  which  is  known  to  be,  suspected  of  being,  overload/ed,  is  thus  claHwfied. 
Every  part  of  the  stnictore  is  figured  or  taken  into  oonaidenKtaon. 

In  making  these  classificationB  it  is  neoeaiaiy  first  of  all  to  establish  the  iiiariiiMWi 
unit  stresses  to  whieh  the  various  materials  can  mMy  be  subjected.  For  the  diCTerent 
materials  these  maximum  safe  stresses  are  taken  as  near  the  limit  of  strength  of  the 
material  as  is  considered  safe.  The  maximum  safe  stresses  must  be  assumed  low 
enough  so  that  there  is  no  danger  of  the  material  yielding,  altering  its  character,  or 
reducing  its  strength  fior  earrying  loada  after  being  subjected  to  this  fimiting  strcss  for 
any  number  of  times. 

As  an  illustratian  of  what  may  be  considered  as  safe  limiting  imit  streeses,  the 
f9llo\N'ing  are  given,  and  may  be  taken  to  apply  where  the  dceign  and  pbyaieal  oandi> 
tion  of  the  structure  are  known  to  be  first-daas: 
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Pounda  per  Squuefii^. 

■ 

Wraui^iraii 

22,000 

26,000 

20,000 

24,000 

TimlMr  •tringere,  fiber  ttras  in  bending  (wUh  ndtable 

»» 

radnotkm  for  afe  in  the  cam  of  expoeed  timber  over  six 

• 

^€00 

In  fixing  upon  limiting  unit  otweece  for  loading  old  bridges,  it  is  naoeiBexy  to  tabs 
into  aeeount  the  following: 

Character  of  design;  that  the  details  are  well  proportioned  and  direot  in  aetktt, 
and  that  there  is  no  ambiguity  or  uncertainty  as  to  how  the  members  act. 

Character  of  the  workmanship  entering  into  the  structure  as  indicated  by  the 
reputation  of  the  makera  and  by  any  material-test  data  that  may  be  available.   .  '  ;  i 

Deterioration.  ..;.'*. 

Action  under  load,  sudi  as  rigidity  and  fkeedom  from  wiiww  ve  vibtBtiop. 

Speeds  likely  to  obtain  over  the  etruoture,  and  oonfidenoe  as  to  the  obeervahee  qf 
any  speed  restrictions  that  may  be  impoeed. 

Elenicnt  of  certainty  as  to  the  MWimfid  loading  being  the.maxiinua  to  whieh-  the 

bridge  will  he  subjected. 

Importunce  of  traffic,  and  the  hardship  which  might  result  thereto  from  temporaij 
disablement  of  the  structure.  : 

ndbabiUty  of  eai|y  nnewal  on  aoeount  of  diange  of  line,  ete.  A  hi^Nr  HnH 
might  be  allowed  for  a  diort  time  to  meet  an  emergency  than  vpoidd  be  proper  for  a 
atructure  to  be  kept  in  service  indefinitely. 

Geneml  reliability  of  the  data  iqwn  which  the  investigation  fd  the  stmoture  ik 
based. 

Generally,  judgment  founded  upon  all  of  the  factors  surrounding  the  bridge,  its 
location,  service,  uid  conditicm.  '  ^ 

It  mmt  be  reeogniaed  tint  there  is  danger  in  setting  down  a  haid-and^Mtnilfefo^ 
the  limits  to  whidi  struct  tin^  mif^t  be  stressed.  In  all  caees  it  la  necessary  to  exercise 
care,  knowledge,  and  good  judgment,  in  order  to  be  always  on  tfie  Mtfe  ade  and  at  the 
nme  time  cooeerve  the  maximum  life  of  the  etniotura.  ' 

Standard  Loaolnqs  *  ' 

• 

In  the  systematic  investigation  of  a  large  number  of  bridges,  it  is  necessary  to  hav« 
a  unit  loading  as  a  basis  of  comparison.  The  familiar  Cooper's  Series  of  Standard  Train 
Loadings  furnishes  a  convenient  and  well-known  basis.  This  series  consi.sts  of  two 
consoUdation-tyi)e  engines,  followed  by  a  train  load  having  a  fixed  spacing  of  wheels 
and  a  fixed  relation  between  the  weights  on  the  various  wheels.  These  weights,  however, 
are  directly  proportknable  to  the  damee;  ie.,  the  driven  for  (Sasi  E-40  LocMiing  have 
4p,000  lbs.  on  each  axle;  far  CUuw  BHM)  Loading  110,000  Ibe.  on  eaifc  aile;  ete.  -Tlie 
Wit  loaifing  in  this  Scries  is  taken  as  dam  Er-1  Loading.  '  '  ' 

On  accoimt  of  the  fixed  wheel  rcanangement  for  all  cla.«we8  and  the  proportion- 
ality of  wheel  load.s,  it  follows  that  the  .stresses  in  all  parts  of  bridges  due  to  these  loading 
are  directly  pro|K»rtionable  to  the  cliusstw;  that  is,  the  stresses  in  every  part  of  the 
structure  from  Chan  £-50  Loading  will  be  just  fifty  times  the  stresses  from  Glees  Er-l 
fioading. 
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In  connection  with  the  live-loiKl,  it  is  necessary  to  make  proper  ailowance  for 
"impact,"  "centrifugal  force,  "  and  "traction."  The  general  method  of  investigating 
Any  part  of  a  bridge  and  of  makmg  a  classification  is  aa  foDowi: 

1.  The  maximum  allowahlo  stn<s.s  is  determined,  which,  in  the  simpler  ra.eer»,  is 
the  croas-sectional  area  ot  the  member  muitipUed  by  the  iimitmg  unit  stress 
allowed. 

8.  Deduct  from  thk  the  total  Mnount  of  itreM  in  the  pwt  due  to  both  "Dead 
Load"  and  "Wind  Load."  Tha  vanaiiider  ghraa  tlM  alknialila  atnaa  far 

the  "Live  Load"  effect. 
S>  Dividin(r  this  hy  the  Hirers  for  unit  "liive  Ix)ad"  (QaflB  £-1)  gives  the  claH^ 

fication  fur  ullowed  "  Live  I»ad,"  if  at  rest. 
4.  Divide  this  classihcatiou  by  the  term  which  takes  into  account  the  extra 

affeele  of  tbe  "live  Load,"  due  to  Impaot  and  OBiiiitf^  Ibne,  and  the 

nkH  wffl  be  tha  daarifioation  of  the  allowed ''Live  Load**  at 

CLAflamCATION  OF  LoAomoB 

Hie  "Class  E"  loading  above  d«*cribed  is  an  a-ssumed  tj'pical  loading.  Actual 
engine  and  car  loadings  vary  a  great  deal  aa  to  spacing  of  the  whwls  and  the  distribution 
of  the  weight  on  the  various  axles.  The  efifects  of  diflercnt  loadings  on  bridges  are  not 
in  direot  propocUon  to  tha  waiglit  of  the  ot  oan,  but  depend  on  the  number  of 
whewlii,  ipaeing  of  whede,  dietributaon  of  ireight,  etc.  Actual  engine  loadmgi  ean, 
however,  be  reduced  to  oquiTBlflnta  in  tha  etandaid  train  loadingii  omieepuuding  to  the 
different  span  lengths. 

This  is  (lone  by  computing  the  maximum  Ix-nduig  moments  and  end  sheai^  for  the 
given  train  loadings  for  each  different  span  length.    These  are  divided  by  the  inHvimnTn 

open,  tha  readt  being  the  "Oaiwillffiitinn"  of  the  loadmg. 

As  an  illustration  of  daaififlllion  of  various  engine  loadings,  Fig.  41a  is  given. 
This  shows  the  chus.sification  of  several  t>7>c8  of  the  new  standard  locomotives  which 
have  been  purcliased  by  the  Government  and  are  now  being  assigned  to  the  vanooe 
railroads.    Fig.  416  shows  simihir  classifications  for  typical  car  loadings. 

In  placing  restrictions  on  the  use  of  car  loadings  over  bridges,  it  is  not  practicable 
to  taice  into  aooount  all  of  tha  variationa  in  oar  kngthe  whioh  oeeur.  An  aqoivaleBt 
for  the  various  oar  loadinfi  oaa  be  aitived  at  by  ooneidering  ^ypioal  hopper  oais  about 
88  ft.  long,  as  shown  m  Fig.  416,  for  which  the  wheel  spacing  given  is  a  fair  average. 
For  bridges  under  50-ft.  span,  the  trucks  of  two  adjacent  cars  profluce  the  maaimUM 
effects,  and,  for  like  axle  loads,  aro  independent  of  the  lengtlia  of  the  cars. 

The  approximately  parallel  curves  on  the  diagram  repreaent  the  classification  of 
theee  typieal  oar  loadinsi  for  different  weights  of  oaia,  when  Hae  total  weiglit  repre- 
sents the  weight  of  thtf  esr  and.oontenta.  Tha  said  diagmm  abma  by  dotted  Kna  the 
elsssiiiflstion  of  a  tjrpioal  ore-car  loading,  vrhidi,  on  account  of  the  extremely  short  length 
of  the  car,  produces  a  high  classification  on  the  long  spansj  and  it  ffeOQtds  alao  the 
daaaification  of  a  heavy  wrecking  crane  of  120  tons  capacity. 

fiffUD  Rhthmitiuiiiii 

In  the  foangoing  the  dassifioation  has  been  detannhied  with  an  alhiwanoa  for 
affsot  of  tha  mairinmin  speed  over  bridges. 

Where  speed  is  reduced,  the  effects  of  the  live  load  aie  wmh  less;  and  the  allow- 
ance for  impact  and  cent rifugal  force,  if  any,  may  be  correspondingly  reduced.  This 
will,  of  course,  permit  hcavi*>r  loadings  to  be  operated  at  reduced  speed  as  compared 
with  those  permissible  for  full  speed. 
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Ito.  416.  Diagram  Showing  Classification  of  Typical  Loadings. 
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From  tht'  tosfs  rondurtt^l  by  the  American  Railway  Engineering  AssoaatioD,  it  ii 
found  that  the  niuximum  impact  which  will  be  obtained  at  reduced  speed  is: 
Less  than  30  Vo  fur  speed  of  10  miles  per  hour. 
Less  than  40%  for  speed  of  15  miks  per  hour. 
Lhb  than  80%  for  ipeed  of  20  milM  per  lioiir. 
Len  than  55%  for  speed  of  26  miles  per  hour. 

An  inspection  of  the  diagrams  indicates  that  the  effective  span  of  the  bridgOB  and 

the  chaructf'ristics  of  the  enpino  loadings  determine  to  a  great  extent  whether  a  (dven 
loading  can  be  run  over  tlu-  bridge,  and  shows  that  it  is  unsafe  to  attempt  to  deride 
whether  any  engine  loading  can  be  handled  over  a  blruuturc  simply  by  knowing  ita  total 
weight. 

Iben  is,  unfortunately,  a  mieundmtanding^  amoiig  aome  miboad  opmitiBg 

irffilthJffi  as  to  the  flffeei  on  bridge  structures  of  mich  oomplwi  loadings  as  VwwBOtifei 
and  cars.  In  these  cases  it  is  assumed  that  the  effect  is  the  same  for  ail  locomotives  of 
the  same  total  weight;  and  bridges  are  cla.s.sified  as  being  safe,  or  othcnvLse,  for  all 
locomotivt«  of  given  total  weights.  If  this  practice  must  be  resortetl  to,  the  limits 
set  should  be  on  a  very  conservative  basis;  for  otherwise  there  would  be  danger  of  certain 
^rpv  of  loeomotivfli  having  a  aerious  efleet  on  aonie  biidBM,  producing  unMlo  ooiidi- 
taons.  Hie  praetioe  would  not  be  eoonooued,  beoauee  it  would  either  lead  to  tht 
premature  waewal  of  rome  bridgee  or  to  an  unnecuwwiy  ruling  off  of  e»tnin  typee  of 


Wnnsn  Low  CLAaamcanoN  Ubuallt  Oocuis  at  Bamoaa 

In  older  bridges  thero  are  eertain  porta  where  low  daaaficatiooa  can  waonHy  be 

expected.  These  have  been  found  to  occur  most  often  in  the  lightest  meuibeta  of  tte 
stnicture  and  in  members  which  carry  flic  smallest  »lc:ul-load  strcfsses.  Tn  propor- 
tioning a  member,  a  part  of  the  sectional  area  thereof  can  b<'  taken  as  carrj  ing  dead- 
load  stress  and  the  remainder  Uve-load  stress.  As  the  dead-load  stress  is  constant,  a 
amaller  area  would  be  required  where  a  higher  unit  atraoa  la  uaed.  This,  therefore, 
leaves  a  portion  of  the  area  originally  provided  for  dead-load  stress  available  to  eany 
live-load  stress. 

It  is  found  that  the  floor  systems  of  bridges  have  generally  a  lower  classification 
than  the  girders  or  chords  of  the  trasses.  The  low  classifieation  of  stringers  is  generally 
in  the  section  of  the  flanges  near  the  center,  in  the  riveting  of  flanges  near  the  end.s  (par- 
ticularly if  they  are  shallow),  and  in  the  riveting  connecting  the  stringers  to  the  floor 
beama. 

floor  beams,  if  of  ahaUow  depth,  frequently  ahow  a  low  daarifieation  in  flaiiflea 

near  the  stringer  connections,  also  in  the  rivet  ing  of  flanges  near  the  ends,  and  in  splioea 
eonneeting  the  wtbs  of  the  floor  Ix-ams  to  the  gusset  phitcs,  particularly  in  types  where 
the  lower  part  of  the  floor  beam  is  cut  out  to  ht  around  the  ends  of  the  truases  or  over 
pins. 

In  plate  girdeia,  the  flanges  frequently  show  low  danrifieation  at  polnta  where  tiia 
web  IB  not  fully  splioed  near  the  center  and  at  pointa  near  the  ends  of  cover  plntai. 

The  flange  riveting  near  the  ends  of  girders  frequently  has  a  low  daarifieation,  pai^ 
ticularly  where  the  girders  are  shallower  at  the  ends. 

Webs  of  plate  girders  show  low  classification  near  the  ends  of  the  girders  where 
there  is  a  relatively  large  expanse  of  wch,  unsuy)|M)rte<l  by  stifTeners.  The  web  splices 
near  the  ends  of  the  span  have  a  low  classification  where  only  one  line  of  rivets  is  used 
on  eaeh  aide  of  the  q>lioe. 

In  trasses,  the  poets  and  diagonals  near  the  eentor  of  the  span  usually  show  a  low 
dawififatinn.  lliis  is  particularly  true  of  the  diagonals  and  oountar-diagooals  of  Kgbi 
eye4)ars  or  loop  rods. 

Suspenders,  or  hip-vertical  members,  frequently  have  a  low  dassification.  The 
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cUasificatioo  of  end  posts  and  top  chofdi  of  tnai  MdiM  k  frequently  low  oo  aooooiit 
of  tho  oooentrioi^'of  tho  iMmbcr  with  leipeet  to  tto 

Hm  pint  of  old  tnuB  bridges  frequently  show  a  startlingly  low  claasifiestiai  wlwn 
oooqiutations  are  made  in  accordance  with  the  usual  methods;  hence  it  is  necessaxy  to 
take  advantage  of  certain  conditions  which  are  more  favorable  than  the  usual  assiunp- 
lion,  in  order  to  help  out  the  classification.  Where  eye-bar  members  consisting  of  more 
than  two  pairs  of  eye-bars  meet  on  a  pin,  a  slight  redistribution  of  stress  in  the  several 
^yo-bow  wffl  faoquently  inowMO  tiie  uliwifluoliuii  of  the  pin;  and  thli  fe  Juitifiafalo « 
bdng  In  Une  with  the  way  the  ■trofltare  MtoaOy  woria.  Where  owlaiii  meniben  hm 
vridc  bearing  surfaces  on  the  pins,  the  center  of  pressure  can  be  taken  near  one  edie  of 
the  bearing  surface,  thus  increasing  the  classification  of  the  pin  and,  at  the  same  tim^ 
approximating  more  nearly  to  the  actual  beha\nor  of  the  detail.  It  is  also  permissible 
to  use  higher  unit  stress  for  figuring  pins  than  for  the  oihvT  members  of  the  structure. 
The  following  illustrates  what  miglit  be  considered  permissible,  providing  there  ia 
aaraianoe  thai  the  material  li  of  0ood  quahty  and  tlMl  the  oomputotim 
of  an  the  fofees  aetoig: 

Wrought  ivQiL  

8oftst«>l  (.1%C). 
Structural  steel  (.2%C).. 
Mild  "  (.257oC) 

Medium  (.85%C) 
Haid         •*  (.i6%Q) 

It  is  to  be  noted  that,  in  bridges  built  in  the  late  SCyaaod  eai^y  90*%  haidpadMof  ateel 

were  frequently  use<l  for  the  pins. 

In  timber-trestle  bridges,  the  stringers  in  bending  usually  show  low  classification. 
On  aoeount  of  there  being  three  or  more  stieks  acting  together,  it  is  permissible  to  use  a 
higher  unit  etrcae  for  trestle  etringen  than  for  a  angle  atiek,  aa  the  average  atmglfa 
for  the  aereral  pieces  cxcmhIs  tliat  of  the  poorest  one.  On  account  of  the  mipvmn 
to  the  weather  and  the  deterioration  which  gradually  takes  place,  the  allowed  unit 
Btresa  in  timber  stringers  should  be  redueed  a.s  the  age  of  the  bridge  increases.  VSTiere 
timber  bridges  are  thoroughly  insjxjcted  and  defective  material  is  promptly  replaced, 
and  vv  here  they  are  subject  to  the  same  general  consideration  as  given  above  for  metal 
hridges,  the  folbwing  unit  atieoM  might  be  taken  aanaafepnwtioe  for  maadmum  fiber 
■treae  in  atringar  hridgea  without  aUowanee  for  impaot: 

For  stringer  bridges  six  years  old,  2,000  Iba.  per  iq.  In.,  and  tedneed  ahont  100  Ifaa. 

persq.  in.  for  each  year  fnllfm-ing. 

The  ab«)V('  figures  arc  based  on  Douglas  Fir  or  dense  yellow  pine  and  for  rltmatic 
conditions  prevailing  in  the  North  Central  States.  In  more  arid  regions  wlu  re  longer 
life  of  timber  may  be  expected,  the  reduction  in  stress  for  age  need  not  be  so  rapid. 
On  aeoount  of  the  oomparatively  abort  life  of  timber  bridgee  and  the  eaae  with  whidi 
they  ean  be  renewed,  there  is  not  generally  the  aame  urgHMQr  m  eataUiahmg  mmomum* 
safe-stress  limits  .ns  in  the  case  of  the  more  permanent  metiil  bridges.  In  timber  trua^ 
bridges  the  lowest  daaeification  usually  occurs  in  the  floor  beame^  trues  loda^  and  diag- 
onal braees. 

It  has  been  found  that  metal  bridges  suffer  frequently  from  corrosion  in  the  top 
Bangiia  of  etringeri  and  floor  beamai  on  aoeount  of  the  action  of  b^ine  drippings  from 
vefrignator  eank 

In  bridges  where  the  ties  are  suf)[vorted  on  shelf-anf^  livetedto  the  webi  of  thi 
girders,  the  shelf-an^^  frequentily  show  oooaiderable  eorroaion  and  tend  to  fanak  Ib 

the  root  of  the  angle. 

In  i)in-eonneeted  trusses,  excessive  wear  sometiioes  takeeplaoe  in  the  pin  h«^r»n|^ 
particularly  in  draw  bridgee. 
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Mrtal  bridpop  and  viaducts  over  railroad  tracks  frequently  show  excessive  mrm«non 
in  the  floor  system  and  lateraLs,  due  to  pmoke  and  gas  from  locomotives,  also  l>crai;s4  of 
the  far  t  that  the  solid  floors  of  such  brid^  do  not  pennit  the  steel  work  beneath  to 
diy  out  quickly. 

IMUfoomlwiidfafidgetlMvingaMMiftdeM^^  telow 
motivvi  cooM  dam  to  the  iteehforit,  IreqiMntly  ahoir  wwiwiwii  near  tan  th*  mmi^ 
blasting  cffeot  of  cindm  issuing  from  the  engine  esdiaust,  pnrtieuleiiy  when  the  look" 
tion  is  on  an  nfcendinjj  grade  whore  the  locomotive  is  worked  hard  under  the  bridge. 

P(^ible  dcteriomtion  of  the  structure  of  the  metal  itself,  by  fatigue,  has  in  some 
quarters  been  a  matter  of  apprehension;  but  it  now  seems  to  be  recognized  that  no  sudbi 
intemcJ  deteriorating  action  takes  plaoe  where  the  bridge  has  not  been  subjected  to 
iniHwiiiilj  high  BtfBw.  If  en^itelUntioa  k  foaad  in  the  metal  of  e  atmotaie,  it  prab- 
afaly  thsre  eit  the  the  etHMitnve  me  faiylti  Mid  ii  doe  to  n^irapv  methodi  ef 
manufacture  of  the  materieL 

It  may,  therefore,  be  taken  as  a  OCTtainty  that  iron  and  steel  bridpos,  if  not  reduced 
in  section  by  nwt,  etc.,  and  if  not  shaky  on  acwunt  of  inadequate  bracing,  are  fuUy 
capable  of  carrying  the  figured  loads  at  reasonable  limiting  unit  stresses,  provided  th^ 
are  ouef ully  inspected  and  properly  maintiuned. 

• 

BtBBranDmniQ  ov  Jmbt  Budom 

Strengthening  of  light  bridges  may  be  either  a  matter  of  iwSiilii-Jiifl  mtnor  delifli 
iriiieh  are  found  to  limit  the  carrying  capacity  of  the  structures,  or  may  consist  of  heavy 
reinforcing  in  an  attempt  to  increase  the  strength  thereof  throughout.  The  minor 
strengthening  can  iLsually  be  done  at  small  expense;  and  it  Ls  an  ccxjnomical  method  of 
getting  considerably  greater  life  out  of  bridges.  Heavy  reinforcing  may  or  may  not  be 
an  eeonmniflal  proposition,  aa  it  involveB  work  bemg  done  in  tlie  field,  wliioh  ia  eoetlty, 
and  the  maintenaaee  of  tiaiBe  during  the  time  the  irotk  ie  in  ptn^m,  which  invobei 
aome  risk  to  traffic  and  is  asuaUy  expensive.  On  Teiy  btfge  bridges  when  the  cost  of 
replacing  is  greet,  aome  cxteoeive  etrwigthening  opemtiona  have  been  oanied  oak 
economically. 

In  making  plans  for  n'inforcing  bridges,  it  Is  usually  preferable  to  add  new  material 
to  the  structure  so  that  the  present  structure  is  not  temporarily  weakened,  rather  than 
to  remove  perte  and  aubetitate  lieavier  onee,  thou^  the  latter  expedient  haa  aoma- 
timeetobetceortedto.  Tk«  iU^irf ptu^  ^  ♦ti^  r**^**  "Htfi  hrr  nimwiififlatiTTn  TwaHy 
occurs  suggest  in  themselves  how  these  might  be  Itrengthened. 

In  plate  girders  the  top  and  lw>ttora  flanges  may  be  reinforced  by  additional  cover 
plates,  particularly  at  points  where  the  web  Is  spliced  and  not  effective  for  carrying 
its  proportion  of  the  bending  stress.  Where  there  are  no  cover  plates  on  the  girders, 
cover  plates  of  desired  length  can  be  added.  On  plate  girders  where  there  arc  two  or 
more  oover  platea,  additional  oover  pbtes  would  be  needy  the  tM  length  of  the  girder 
and  expenaive  to  apply.  Plato  giiden  oan  be  doubled  up  to  make  deek'epana,  mu^ 
three  or  more  girdt  rs  per  epen  at  email  expeoM,  thereby  uaing  up  Ugbt  girden  and  pro- 
viding bridges  of  large  carrying  capacity. 

Where  waterAvays  or  other  under-crossing  conditions  permit,  timber  boita  can  be 
placed  under  spans  to  strengthen  them. 

Where  the  riveto  in  the  flanges  of  girders  show  low  classification,  larger  rivets  can  be 
Bubetttuted  for  eodeting  rivets,  or,  where  the  rivet  spacing  pennitB,  additional  iliUa 
can  be  driven. 

WTiere  the  web  plates  pi^•e  a  low  classification,  additiooel  stiffeners  can  be  placed 
in  the  panels  near  the  ends  of  the  to  provide  extm  tmppcorl  for  the  wob  and 

thereby  increase  its  classification. 

Shelf-angles  can  be  strengthened  by  placing  short  vertical  stiffeners  beneath  them. 
Where  web  splices  with  low  dassification  occur,  these  oan  be  ie|ilaoed  with  wider  splice 
plates  having  additional  raws  of  rivets  in  the  eplioe. 
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Li  tliroagli  faridgei  tlie  tMofim  ma  be  winfaffwwl  hy  mMitintial  wnthig,  by  tba 

placing  of  additional  stringers,  citlK-r  timber  or  steel,  and  by  thifting  existing  iltnigeni 
to  secure  better  distribution  of  the  load.  Where  str^^'rgors  are  spnrod  so  that  some  of 
them  do  not  C4irr>'  their  full  projwrtion  of  load,  it  is  jxissible  to  intrtxluce  cross  braeing 
so  that  ail  the  stringers  in  the  panel  shall  act  together  to  carry  the  total  load  and  tbua 
felmve  the  ezoesnve  burden  on  certain  stringers. 

noor  beiiM  flu  be  ninfoned  by  eovw  platei  or  aaiki  added  to  the  fbnsei,  by 
■dditknal  meting;  er  by  dtiftiiig  the  etriiic^  teweid  the  tnmm  lo  to  lednee  the 
banding  in  the  beams. 

Tn  very  old  bridges  the  floor  beams  are  frequently  of  much  lower  classification 
than  the  remainder  of  the  bridge;  and  they  can  sometimes  be  repLared  with  entirely 
new  beams  at  a  reasonable  expense  so  as  to  get  additional  Ufe  out  of  Xhi  rest  of  the 
structure.. 

In  tpmm,  eountm  can  taoelly  be  leSnfereed  wRh  additional  ban 

or  rodi  having  loops  over  the  tnm  pins  and  being  connected  by  tum-buckles  to  provide 
adjustment.   Similarly,  bottom  chords  of  eye-bnrs  can  be  rcinforoed  with  f^«*^ij 

bare  having  yokes  bearing  on  the  heads  of  the  original  eye-bars. 

End  posts  of  throviph  bridKcj^,  whose  low  oUussification  is  due  to  eccentricity  of 
members,  can  be  strengthened  by  placing  angles  or  plates  on  the  sides  of  the  said  mem- 
boa,  BO  aa  to  make  the  cwaectioni  better  behnoed,  thua  ledodng  eoomtiieity. 

Ibe  bottom  ehotdaof  tram  apana  may  be  reinforoed  by  adding  aa  auxiliaty  bottom 
chord  above  the  pwMPt  dMad  and  sloping  the  end  pandi  to  meet  aa  needy  eoneentiie 
with  the  end  pins  as  conditions  will  |)ermit.  Auxiliary  web  members  may  be  con- 
nected to  the  new  anxiliary  bottom  chord  and  the  top  chord.  This  is  the  method 
employed  on  the  North  llalsted  vStrtHit  Viaduct  over  the  C.  M.  &  St.  P.  Hy.  Co.'s  tracks 
in  Chicago.  This  method  has  also  been  employed  by  the  City  of  Chicago  on  several 
btidgm  in  that  oily. 

Whwe  pine  have  low  damifioatioo,  it  is  aomethnm  ponible  to  more  the  monbon 

OB  the  pin  and  reduce  the  bending.  In  some  cases,  diaphragma  placed  in  built-up 
memberj  will  reUeve  the  landing  on  the  pins.  The  pins  themselves  rnn  be  strengthened 
by  replacing  them  with  liigh-carl)on  or  sjx'ciiil-alloy  steel  pins  of  the  same  size;  or,  if 
Still  more  strength  is  required,  by  boring  out  the  pin  holes  and  putting  in  larger  pins. 
This  operation  has  been  done  a  number  of  timea;  but  it  requires  rather  elaborate  arrange- 
monta  for  *wJfK«g  the  memben  in  poeition  while  the  pina  are  removed. 

Tfaalber  truss-bridges  can  be  atrcngthened  by  piaeing  floor  beam%  diagonal  bneoi, 
or  truss  rods  where  needed. 

Where  timber  trusses  are  old  and  hnve  commenced  to  open  slifjhtly  in  the  joints 
or  to  show  other  signs  of  diminished  stnMisrfh,  they  can  be  tcinponuily  strenf?thened 
and  carried  for  a  few  more  years  by  piucing  timber  bent^j  under  the  panels  |x>ints  at 
two  or  three  panels  from  the  end  of  the  span.  This  has  the  effect  of  reducing  the  qwn- 
lengtb  and  atiifanSng  the  structure. 

TiflBber-trestle  bridges  can  be  readily  strengthened  by  additional  stringen. 

The  cost  of  strengthening  bridges  varies  with  the  size  of  the  job,  the  amount  of 
staKing  re(}uire<i,  the  amount  of  niovine  the  same  about  so  as  to  reach  difTerent  portions 
of  the  work,  the  size  of  the  crew  uvailable,  the  distance  traveled  by  the  crew,  the  tools  at 
band,  etc.  In  a  general  way,  it  has  been  found  that  the  cutting  ^ut  and  replacing  of 
rivela  on  ordinary  atrengthoiing  jobe  coats  from  26e.  to  76a eadi.  DrillingnewholM 
and  driving  new  rnreta  therein  eoat  from  60c.  to  $1.00  eaeh;  Le.,  the  eoet  of  auchwofk 
will  be  given  by  the  total  numborof  ihretodiivwatthewunitprioeB,  pluitheooBtof  the 
additional  material  required. 

With  the  maintenance  of  old  and  lifiht -capacity  bridges,  the  question  continually 
arises  whether  it  is  more  economical  to  strengthen  the  structure  or  to  renew  it.  As  a 
general  proposition,  it  would  be  permissible  to  spend  each  year  for  strengthening  an 
anooni  equal  to  the  intaieet  on  the  inveotmeni  in  a  new  bridge,  kee  the  ooet  of  addi> 


Digitized  by  Google 


416 


iBCONOllIOd  OF  fiRtDOEWOfiX 


CHAFtSR  XLl 


tkmal  nMuiitmftncn  nqiiwed  I7  the  old  liridie  on  aooount  ol  the  gieeter  efttantiaii  it 

receives. 

For  illustration,  let  consider  a  few  lengths  of  through  spans  designed  for  V^'k> 
loading,  repUiciug  similar  spans  designed  in  the  early  9()'8.  New  steel  work  taken 
et  60.  per  pound  erected;  falsework  at  $10.00  per  lineal  foot;  removing  old  struct4iie 
•t  $10.00  par  ton;  aatvafe  on  old  apMie  at  2|o.  per  pound;  additional  oost  of  naia- 
tenanoft  of  the  old  apan  on  aooount  of  additional  insiiection,  daasification,  and  super- 
vision required,  $1.00  per  f'>  it  of  spun  per  year.  The  last  oolumn  of  the  following; 
table  shows  the  amount  which  we  could  afford  to  spt'nd  per  year  in  strengthening  old 
spans  rather  than  to  renew  them.  The  costs  shown  in  tins  tal)le  are  for  ilhistration 
only.  As  they  fluctuate  from  tune  to  time,  the  re<«ultiug  economics  will  vary  accunl- 
ingly: 


TABL£  41a 


Span 

New  Steel 
Weight 

Cost 
Erected 

Salvage 

Net 

Interest  on 
Net  Cost 
at  5% 

AveOabk 

for 

Strengthen- 
ing Each 
Year 

66,000  lbs. 

$  4,330 

$  1,130 

$  3,200 

$  160 

$  110 

lOO' 

218,000 

13,390 

8,700 

9,600 

488 

385 

200' 

SOO.tKX) 

46,000 

V2,rA)0 

34,.'>0O 

1,72.5 

1,525 

300' 

1,600,000 

02,200 

25,000 

67,200 

3,360 

3,060 

The  writer  has  in  mind  a  bridge  having  three  400  ft.  spans  whidi,  if  renewed  aboot 
ten  yean  e^o,  aome  Railroad  Managements  mi^t  have  done,  would  have  eost  sboui 
$370,000  after  deducting  the  salvage  value  d  old  spans  recovered.  The  intenit  00 
this  investment  for  the  ten  years  would  have  amounted  to  about  $185,000.  Instesd, 

however,  of  replacing  these  spans,  they  have  been  carefully  nviintained  and  inspected 
and  the  details  strengthened  whenever  the  cla.>vsification  showed  that  it  was  neeessar)' 
to  carry  the  heavier  traffic.  The  actual  ct>8t  of  strengthening,  together  with  the  addi- 
timial  maintenanee  expense,  has  amounted  to  not  over  $20,000  during  this  period, 
showing  a  saving  for  this  bridge  of  about  $185»000;  because  of  the  poU^  of  gstting  the 
longest  practicable  life  out  of  structures. 

This  illiLstration  is  intendtKl  to  show  f)nly  one  way  in  which  the  problem  may  hp 
oon.sidered.  With  old  and  light  bridges  a  limit  is  rrnched  beyond  which  it  is  not  ecfuioni- 
ical  to  strengthen  Ihem;  and  replacement  then  lM•eonu'^^  ncces.s4iry.  It  must  be  recog- 
nise, of  course,  that  a  newly  designed  and  heavy  structure  is  preferable  to  a  lighter 
<me.  ItispoesiUytniethat^  in  case  of  a  serious  derailment  <m  a  bridge,  a  UghtsbiM^ 
mii^t  be  destrosred  while  a  heavy  new  structure  mif^t  withstand*  the  same  treatmeat 
without  being  seriously  disabled.  Such  considerations  must  be  taken  into  aooomitii 
diaping  the  general  policy  conoeming  the  keepmg  of  light  bridges  in  servioe. 

• 

From  the  data  furnished  by  Mr.  Hehtagey  the  following  has  been 

excerpted : 

Strictly  speaking,  the  economics  of  maintenance  and  repairs  starts  vnih 
tho  design  of  the  bridge.  The  most  economical  structure  is  that  on  which 
the  total  fixed  annual  chaiges  are  a  minimum — ^theae  chaif^  to  include 
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interest  on  the  original  investment,  annuity  to  provide  for  the  replacement 
of  the  structure  wlien  the  time  eomes  for  its  renewal,  insurance  when  necea- 
sary,  and  charges  for  maintenance  and  repairs. 

It  is  evident  that,  by  increasing  the  original  investment,  we  ran  usually 
provide  a  structure  that  will  have  a  longer  hfe  and  will  re(iuire  less  annual 
expenditure  for  maintenance  and  repairs.  However,  we  are  considering 
here  only  the  subject  of  maintenance  and  repairs,  and  shall  take  into 
account  only  such  structures  as  are  actually  built,  the  economics  of  design 
and  the  t\T>es  of  structure  best  suited  for  various  purposes  and  conditions 
having  been  covereti  in  other  chapters. 

All  structures  should  have  jjeriodieal  and  careful  inspection;  and  when 
anything  is  found  requiring  attention,  it  should  be  done  promptly.  The 
neglect  of  attending  quickly  to  minor  repairs  needed  will  usually  result  in 
much  more  extensive  and  costly  repairs  later  on;  for,  according  to  an  old 
and  well  known  proverb,  "a  stitch  in  time  saves  nine." 

When  an  organization,  such  as  a  Railway  Company  or  a  Citv,  has  a 
large  number  of  bridges  to  maintain,  it  is  customary  to  have  a  dei)artment 
to  look  after  the  work,  with  the  requisite  force  of  men  and  tlie  neeessiir>' 
equipment;  and  these  should  be  continually  engaged  in  making  repairs  to 
bridges  and  like  st-uctures. 

Repairs  to  timber  bridges  are  more  frequent  than  those  on  permanent 
structures,  on  account  of  the  Uability  of  timber  to  decay.  Wood  preser\'a- 
tion,  especially  by  the  process  of  creosoting,  has  taken  wonderful  strides  in 
the  last  few  years.  With  the  growing  scarcity  of  timlx?r  and  the  rise  in 
its  price,  such  preservation  will  mcrease  until  it  will  be  the  exception  rather 
than  the  rule  to  have  untreated  timbers  in  exposed  structures.  The 
majority  of  wooden  bridges  now  in  servioeoiirailways  are  trestles;  although, 
hi  some  parts  of  the  country,  tuuber  oroombination-timber-and-steel  truss* 
wpttOB  ai6  still  used.   Timber  structures  can  be  kept  iq>  ahnost  indefinitely 

repilaeing  members  shortly  before  they  become  dangerously  decayed; 
however,  when  a  bridge  is  so  old  that  a  large  partion  of  the  timber  shows 
more  or  less  decay,  it  is  more  economical  to  renew  the  whole  structure, 
salvaging  such  second-hand  material  as  poseible,  after  which  the  bridge 
will  be  serviceable  without  further  repairs  for  a  period  of  yean. 

In  case  of  pile-driven  trestles,  it  is  cheaper  under  some  conditions  to 
replace  the  piles  with  frame  bents  than  it  would  be  to  renew  the  structure 
as  a  pile-driven  trestle.  In  this  case  the  old  piles  are  cut  off  under  the 
ground  until  sound  timber  is  reached,  usually  about  two  (nr  three  feet;  and 
the  new  frame  bents  are  supported  on  these  old  piles.  The  latter  usually 
rot  off  close  to  the  ground  hne;  but  in  good  soil  they  will  remain  sound  at  a 
depth  of  two  or  three  feet  for  a  long  period  of  jrears.  The  objections  to 
this  procedure  are  that  the  sill,  being  underground,  is  diflteult  to  inspect 
and  that  a  frame  bent  structure  is  not  as  stiff  as  a  pile  structure;  conssi* 
quently,  if  a  pile  driver  is  available,  it  isprefereble  to  drive  pile  bents  rather 
than  to  construct  frame  ones. 
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In  making  repairs  and  renewals  to  timber  bridges — and,  in  fact,  all 
bridges — the  britlge  gangs  formerl>'  were  usually  oc]uipp«*d  with  only  hand 
tools;  but,  now  that  the  eost  of  labor  is  so  much  greater,  it  is  economical  to 
replace  manual  labor  as  far  as  possible  with  machines.  A  light  derrick 
car  e(iuip])ed  with  a  hoisting  engine  or  a  locomotive  crane  will  save  the 
work  of  many  men  in  handling  heavy  bridge  material.  On  timber  struc- 
tures a  lai^e  part  of  the  labor  consists  of  boring  holes  for  bolts  and  fasten- 
ings. Repair  gangs  should  be  eciuipi>ed  with  boring  machines  operated 
by  either  air  or  electricity,  in  order  to  do  this  work  economically.  The  i 
magnitude  of  the  task  will  detemiine  whether  machinery  or  hand  labor  is  ' 
the  more  economical.  On  very  small  jobs  it  will  be  more  cottly  to  set  up 
the  equipment  than  it  would  l»e  to  do  the  work  with  hand  tools;  however, 
the  tendency  is  to  make  more  and  more  use  of  machines  instead  of  manual 
labor.  ' 

The  preservation  of  timber,  in  order  to  increase  its  life  and  reduce  the 
necessarv'  maintenance,  has  hvvn  mentioned.  Formerly  tindxT  highway 
bridges  were  connnonly  covered  by  roofs  and  siding  to  protect  the  frame 
work  from  the  weather;  and  such  struct iin^s  lasted  for  a  lt)ng  jx^riod  of 
years,  several  notable  wtKxlen  bridges  in  this  country-  having  reached  an 
age  of  nearly  100  years.  This  sort  of  bridge  accumulated  a  great  deal  of 
dirt  and  was  very  dark  at  night,  and  the  roof,  housing,  and  floor  naturally 
required  considerable  maintenance. 

The  question  of  fire  protection  should  also  receive  proper  attention  in 
OODnection  wiUi  timber  bridges.  The  expense  caus< d  by  a  burned  bridge 
in  some  cases  far  exceeds  the  value  of  the  structure  itself,  as,  for  instance, 
on  a  railway  where  the  traffic  is  stopped  on  this  account.  On  railways, 
timber  trestles  are  frequently  partially  protected  from  fire  by  covering  the 
deck  with  sheet  metal  or  with  stone  or  gravel,  so  that  sparks  from  a  defec- 
tive engine  will  not  set  it  ablaze.  Sometimes  fire-proof  paints  are  used 
Some  of  these  paints  are  Yery  effective  for  several  years,  and  at  the  Bams 
time  are  good  timber  preservers;  hence,  if  properly  selected,  they  will  be 
economical  from  a  maintenance  standpoint  as  well  as  in  respect  to  protec- 
tion from  nre.  The  timber  floors  on  highway  bridges  and  the  ties  on  rail- 
way bridges  are  subject  to  wear,  and  are  usually  worn  out  before  they  rot 
out.  In  cases  of  veiy  heavy  traffic,  bridge  floors  should  be  constructed  of 
more  pennanent  material  than  planks;  and  the  ties  on  railroad  biidges 
should  be  protected  with  tie  plates. 

Old  stone  piers  and  abutments  often  show  open  seams  where  the  mortar 
has  fallen  out  of  the  joints.  If  these  receive  attention  in  time,  it  will  usually 
be  sufficient  to  dig  the  old  mortar  out  of  the  seams  and  repoint  them,  thus 
protecting  the  interior  of  the  structure  from  moisture;  but  in  some  cases 
more  work  than  that  is  necessary.  On  high  structures,  especially  over 
rivers,  it  is  veiy  costly  to  put  the  spans  on  falsework  in  order  to  repair  or 
rebuild  piera^  hence  other  expedients  are  resorted  to,  in  order  to  avoid  this 
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expense.  Sometimes  a  jacket  of  reinforced-concrete  can  be  built  around  an 
old  pier  and  the  top  protected  with  a  water-proof  coating. 

Concrete  has  largely  displaced  stonework  for  the  material  of  sub- 
structures in  bridges.  Piers  made  of  iron  or  steel  cylinders  and  filled  with 
concrete  provide  a  cheap  construction  where  conditions  are  suitable.  They 
were  fommriy  largely  used  for  railroad  bridges,  but  their  onplfljyinent  is 
now  confined  moetly  to  a  light  class  of  highway  bridges  or  to  railroad 
bridges  carrying  only  light  loading.  If  this  type  of  pier  is  veiy  higfaf  it  is 
subject  to  vibration  under  traffic;  and  this  vibration  will  produce  an 
injurious  effect  on  the  superstructure  as  well  as  on  the  piere.  Many  piers 
of  this  class  are  kept  in  service  encasing  tbem  in  concrete,  thus  increas- 
ing their  weight  and  stability ;  and  this  can  usuaUy  be  done  without  putting 
the  bridge  on  falsework  and  removing  the  old  pim,  because  the  wpum  will 
be  supported  xxptm  the  oki  cylinders  while  the  new  work  is  in  progress. 

Steel-frame  structures  are  subject  to  deterioration  fay  oorrodon;  and 
to  prevent  this  the  surface  must  be  always  covered  by  aproteettve  costings 
usually  paint.  Since  oontjeion  will  gradually  eat  away  metal  which  cannot 
be  replaced,  it  is  evident  that  this  protecticm  isof  the  utmost  importsnoe. 
In  many  cases  it  does  not  receive  the  attentiim  it  deserves^  Many  bridges 
have  been  serioufl^  damaged  fay  rust»  even  to  the  extent  of  having  to  repl^ 
them,  an  of  which  expense  could  have  been  prevented  by  keeping  the 
structures  properly  painted.  Railmads  usually  recognise  the  importance 
of  painting,  and  seldom  sllow  the  rust  to  accumuhte  to  the  ertent  of  weA 
ening  the  structure.  However,  even  on  raiboadi,  bridges  are  found  that 
have  been  materially  damaged  by  corrosion.  There  are  parts  apedalb 
subject  to  rust,  such  as  the  top  fluigesof  deck  girders  and  of  stringers  thai 
are  more  or  kiss  hidden  by  the  ties,  and  which  sometimes  became  badly 
ooRoded  while  the  paint  on  the  main  body  of  the  structure  is  still  in  a  good 
state  of  preservation.  Aleo  parts  of  highway  bridges  underneath  the  floor 
are  frequently  in  bad  condition,  owing  to  the  fact  that  they  cannot  be 
noticed  by  anyone  croseing  the  bridge.  However,  if  proper  proviskm  for 
inspection  at  regular  intervals  is  made,  there  is  no  excuse  for  this  condi- 
tion resulting  in  damage  to  the  structure. 

There  are  many  varieties  of  paint  recommended  for  steel  bridges. 
The  best  are  usually  the  most  expensive  but  will  be  the  most  economical  in 
the  end.  The  appHcation  of  paint  being  about  twice  as  costly  as  the 
material,  a  saving  of  a  considenil)lo  percentage  in  cost  of  paint  will  result 
in  only  a  small  percentage  of  economy  on  the  entire  job.  The  result  is 
that  the  cheaper  paints  will  last  probably  two  or  three  years  less  than  wiU 
the  more  expensive  ones.  The  subject  of  bridge  paints  is  highly  technical 
and  cannot  be  gone  into  in  detail  here;  however,  it  is  important  to  note 
that  difTerent  paints  should  be  used  for  different  conditions.  For  instance, 
a  paint  that  would  give  satisfactory  results  in  a  dry  climate  would  not  be 
suited  for  a  structure  subject  to  acid  fumes  or  engine  blasts,  as  on  bridges 
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that  are  over  railroad  tracks,  or  for  a  moist  climate,  cs]XH'ially  near  salt 
water.  Some  paints  are  a  good  protection  against  corrosion  but  do  not 
stand  the  weather,  while  others  have  exactly  the  opposite  properties. 
Therefore,  the  first  or  priming  coat  should  he  of  the  first -mentioned  variety 
and  the  finisliing  coats  of  a  paint  that  is  not  readily  affected  by  exposure 
to  the  weather.  The  most  commonly  used  and  siitisfactory  paint  for  the 
priming  coat  is  pure  red  load  ground  in  linseed  oil.  Sometimes  linseed  oil 
alone  is  used  and  sometimes  paint  with  a  Portland  eenieiit  ))asc\  For  the 
finishing  coats,  graphite  paints,  graphite  and  silica  paints,  or  paints  of  other 
carbon  pigments,  such  as  lamp  black  with  oxide  of  iron,  or  oxide  (»f  iron 
paints  are  most  frequently  employed.  Tlie  latter  are  not  suitable  for  the 
priming  coat,  owing  to  the  fact  that  these  jMpnents  promote  oxidation^  a 
condition  that  is  often  ignored  in  practical  work. 

As  to  the  application  of  the  paint — this  must  be  well  done,  if  satisfactory 
results  are  exi)ected.  Metal  should  never  be  painted  when  it  is  damp,  in 
freezing  weather,  or  over  rust.  In  repainting  old  structures  probably  the 
most  important  consideration  is  the  cleaning  of  the  metal.  Paint  apphed 
over  rusted  surfaces  will  not  be  durable.  Further,  there  is  likelihood  ol 
eorroiion  spreading  underneath  the  paint,  and  then  the  protectioii  will 
Boon  break  down.  As  previously  noted,  some  parts  of  the  structure  are 
subject  to  faster  deterioration  of  the  paint  than  other  parts.  This  is  true 
of  the  tope  of  stringers,  floor  beams,  and  compreokm  chords,  and  ol  flat 
surfaces  exposed  to  weather,  especially  surfaces  beneath  the  floor,  such  as 
lateral  plates,  battens, etc.,  which  give  inHging  to  cinders  and  other  materials 
that  will  hold  moisture.  For  this  reason  a  very  satisfactory  method  to  use 
in  painting  an  old  bridge,  where  the  paint  is  bad  on  certain  parts  and  fair  €m 
others,  is  to  clean  thoroughly  the  mctalwork  and  paint  over  the  parts 
wfaereit  isezpoeed  with  a  coat  d  red  lead  or  some  other  good  priming  paint, 
and  then  give  the  whole  structure  a  good  finiahing  coat. 

As  to  the  method  of  cleaning  rust  from  the  metsl— this  is  done  by  cut- 
ting with  chisels  and  hammers  end  by  scrubbing  off  with  wire  braiiiee,  or 
with  a  sand  blast.  The  latter  method  is  most  effective;  however,  it  is 
expeamye  and  is  not  recommended  unless  the  bridge  are  in  a  bad  state  of 
eonoekm.  Also  it  must  be  used  with  a  great  deal  of  caiitioD  so  that  in 
removing  the  rust  an  excessive  amount  ci  the  surrounding  metal  will  not 
be  cut  away  at  the  ssme  time. 

To  obti^  satisfactory  results,  a  great  deal  of  care  must  be  talm  in  appl^ 
ingthe  paint;  it  ahouM  be  brushed  out  thtmnigh^  on  the  metsL  Recently 
painting  by  air-spraying  machines  has  come  into  extensive  use,  but  the 
employment  of  these  machines  on  bridgework  is  not  common.  It  is 
doubtless  a  labor  saver  and,  if  properly  handled,  is  not  very  wasteful  ci 
paint  The  manufacturers  of  these  devices  claim  that  the  work  tb^r  do  is 
superior  to  band  painting;  and,  when  ddlfully  used,  it  is  certain  that  good 
results  can  be  dbtoined.  However,  for  durability,  it  is  probable  that  audi 
coatings  are  not  as  good  as  paint  w^  brushed  on  by  hand;  still  it  might  be 
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mwBuioal  to  tu»  spraying  maeWniMi  on  bridges,  if  the  kbor  oort  aa^ed  will 
moro  than  offset  the  decreased  life  of  the  paint.  Fainting  by  spraying 
machines  would  be  satisfactory  on  large  vertical  surfaces,  such  as  the  sides 
of  girders  and  beams  and  the  faces  of  large  posts  and  columns;  but  it  is  not 
recommended  for  lattice  work  and  other  small  parts,  on  account  of  the 
wasting  of  paint.  One  advantage  derived  from  the  use  of  thest^  machines 
is  the  appUcation  of  paint  in  places  that  are  difl&cult  to  reach  with  a  brush. 
On  flat  surfaees  hke  walls,  recent  experiments  indicate  that  the  air  spray 
will  decrease  the  lal)or  cost  by  more  than  one-half,  with  a  slight  increase  in 
amount  of  paint  used,  about  5%;  but  similar  data  for  bridgework  are  not  ' 
available. 

Deterioration  of  steel  structures  due  to  wear  will  be  apparent  in  the 
loosening  of  rivets  and  in  the  increased  vibration  caus(»d  by  cutting  in  pins 
and  other  parts.  When  loose  rivets  appear  in  the  st  riicture,  they  should  be 
cut  out  and  replaced.  They  are  generally  most  frequent  in  lateral  bracing 
of  stringers  and  girders  and  where  single-angle  bottom-laterals  are  attached  * 
to  the  stringers.  Also  stringer  and  floor-beam  connections  are  likely  to 
develop  loose  rivets  when  the  structure  is  overloaded. 

In  old  and  heavy  bridges  the  pins  will  often  show  considerable  wear. 
This  is  an  expensive  matter  to  repair,  as  it  involves  putting  the  structure  on 
falsework  and  the  use  of  considerable  machinery  to  re-drill  the  holes.  If 
pins  are  replaced,  the  new  pins  should  be  slightly  larger  than  the  original 
ones.  This  class  of  repair  work  is  not  oitvn  done,  l)ecause  a  bridge  in  this 
condition  is  usually  very  nuich  overloaded  and  should  be  replaced  with  a 
heavier  structure.  Another  location  for  wear  is  at  the  intersection  of  diag- 
onal bars  that  are  in  contact.  In  order  to  prevent  these  bars  from  cutting 
away,  a  buffer  should  be  placed  between  them  and  clamped  thereto. 

On  old  bridges  it  is  frequently  found  that  the  eye4>ar8  making  up  one 
member  are  not  pulling  evenly.  If  the  member  consists  of  two  bars,  a 
satisfactory  repair  can  be  made  by  cutting  out  a  piece  of  the  loose  bar, 
inserting  a  tum-buckle,  and  drawing  it  up  to  the  same  tension  as  that  of  the 
tight  bar.  This  can  be  done  without  falsework,  but  traffic  must  be  kept 
off  the  bridge  while  work  is  in  progress.  The- same  procedure  c^  also  be 
adopted  for  the  outside  bar  of  members  composed  of  more  than  two  bars, 
but  on  the  inside  ban  it  is  impracticable,  becanae  liveta  cannot  be 

driven. 

When  truss  bridges  are  more  heavily  loaded  than  was  originaUy  con» 
templated,  the  overstress  is  likely  to  be  greatest  on  the  counters.  iUso  on 
a  kmg  span  the  overstress  on  the  floor  system  is  liable  to  be  considerab^ 
greater  than  it  is  on  the  main  truss  members.  For  this  reaaim  it  is  often 
possible  to  make  the  structure  sale  for  considerably  heavier  loading  by 
reinforcing  these  parts  and  keeping  it  in  service  instead  of  replacing  with 
a  heavier  bridge.  Also  in  some  cases  it  is  possible  to  hnprove  the  struc- 
ture without  strengthening  it;  that  is»  on  a  veiy  light  bridge,  subject  to 
large  vibrations  under  trainloads,  it  is  praoticaUe  to  improve  the  action  by 
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putting  in  fiiitable  biaeing  that  wiU'dficreaae  the  vibiatioDS  and  the  ifttr, 
although,  strictly  speaking,  it  will  not  etrengthen  the  main  tnas 
members. 

This  dissertalion  does  not  aim  to  describe  all  the  details  of  repainneooh 

sary  for  bridges,  because  usually  special  problems  in  each  case  are  devd- 
oped;  but  the  underlying  principle  of  economics  of  maintenance  of  bridges 
and  similar  structures  is  to  keep  a  close  watch  on  them  by  frequent  and 
thorough  inspection,  and  to  repair  promptly  any  dunia^ic  that  is  found. 
The  neglect  of  prompt  attention  on  a  structure  often  \emh  to  much  unnec- 
essiirily  expensive  work  and  sometimes  to  the  development  of  dangerous 
conditions. 

The  joint  data  of  Mr.  Chalfant  and  Mr.  Covell  were  contained  in  two 
letters  from  which  the  following  extracts  have  be^n  made: 

The  subject  will  be  divided  for  convenience  into  three  parts,  viz: 

A.  Masoniy. 

B.  Floors. 

C.  Fainting. 

(A)  Mawnry 

The  constant  tendency  of  small  streams  to  change  their  courses  necessi- 
tates regular  inspection  to  prevent  undue  scouring  and  cutting  of  the  banks 
and  approaches.  Where  the  nature  of  the  foundation  and  depth  of  masonry 
are  a  matter  of  record,  the  soundings  and  measurements  can  be  inter- 
preted mth  comparative  ease,  but  where  this  knowledge  is  lacking,  as  is 
true  in  many  cases,  chances  should  not  be  taken.  Sometimes  baniers  of  a 
more  or  less  permanent  nature  can  be  erected  above  the  bridge  in  such  a 
manner  as  to  turn  the  stream  back  into  its  natural  channel,  or  the  channel 
itself  may  be  changed.  When  this  cannot  be  done,  heavy  rip-rap  should  be 
placed  around  the  masoniy  in  such  a  manner  as  to  fill  the  hole  and  prevent 
further  erosion.  This  rip-rap  may  be  formed  of  rough  stones  from  the 
quarry  or  of  blocks  of  concrete  made  at  the  site.  When  concrete  is  used 
for  protection,  it  shouhl  be  in  loose  bkxsks  which  are  free  to  settle,  rather 
than  in  a  solid  mass  which,  in  turn,  may  be  undernsooured. 

When  the  stream  is  of  sufficient  siie  to  require  piers  in  the  channel,  with 
other  than  rock  foundations,  there  should  be  a  systematic  program  of  sound- 
ings so  that  the  conditions  of  the  stream-bed  around  the  piers  may  be 
known,  and  so  that  changes  may  be  noted.  This  is  essential  when  the 
masoniy  rests  on  inles,  but  is  of  even  greater  importance  when  the  foundsp 
tion  consists  of  a  timber  grillage  on  gravel  or  other  hard  stratum.  Heavy 
rip-rap  b  a  most  eiroeUent  protectbn  to  piers  against  scouring  of  the  bed  of 

the  stream;  but,  when  once  placed,  there  can  be  no  assurance  off  future 
security.  The  rip-rap  may  be  moved  by  ice  so  that  the  bed  around  tbe 
pier  is  again  exposed  to  erosion. 
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(B)  Floors 

When  the  strength  of  the  puiiorstnicture  will  admit  of  such  loading,  the 
roadway  floor  should  be  reconstructed  with  a  reinforced-concretc  slat)  and 
brick  wearing  surface,  and  the  sidewalk  should  be  of  reinforced-concretc. 
In  some  cases,  where  new  steel  stringers  are  required,  buckle  plates  may  be 
used  with  some  form  ol  oomparatively-pennanent  wearing-surface.  Where 
the  foot  traffic  is  heavy,  the  sidewalk  can  be  giyen  an  asphalt  wearingnsur- 
faoe.  Few  of  the  older  bridges  are  heavy  enough  for  the  kwdiiig  indicated, 
having  been  originally  floored  with  plank.  *The  time  for  use  of  a  timber 
floor  with  the  side  of  the  grain  exposed  to  wear  has  passed  in  most  places. 
The  q>ikes  work  up  and  cut  automobile  tires,  and  the  floor  floon  requires 
renewal  Lunil)er  is  now  so  costly  that  it  is  not  usually  eoopomical  to 
employ  untreated  timber  ui  so  exposed  a  place  as  a  bridge  floor,  and  the 
use  of  treated  hunber  only,  with  wood-block  wearing-siiilaoe,  is  recom- 
mended. 

We  have  seoires  of  iron  and  steel  bridges  over  liyers  and  small  streams, 
which  structures  are  too  light  to  cany  a  concrete  and  brick  roadway  floor 
or  a  concrete  sidewalk.  The  weight  of  trucks  now  trayersmg  these  bridges 
makes  the  use  of  wooden  stringers  very  undesirable  because  of  the  presence 
of  knote  and  other  defects,  hence  steel  stringers  are  employed.  Iheprao-  . 
tice  in  some  places  is  to  lay  planks  directly  on  the  steel  stringers  with  only 
oocasmnal  fasteningis,  but  this  does  not  seem  to  be  satisfactcny.  Bolting 
at  each  bearing  point  is  expensive,  hence  our  practice  is  to  bolt  a  surfaced 
^"X5"  nailing  piece  on  top  of  each  stringer,  nailing  the  planks  with 
two  nails  at  each  intersection,  as  in  the  case  of  wooden  stringera  It  has 
been  found  that  such  solid  nafling  distributes  the  load  so  that  a  whed  load 
is  carried  1^  at  least  two  stringers.  On  such  bridges  the  stringers  should  be 
from  2i"  to  28"  center  to  center;  and  planks  of  unifoim  width,  at  least  10 
inches  wide  and  surfaced  to  2|  inches^  shoidd  be  laid  parallel  with  the  ba^^ 
walls,  even  thou|^  the  skew  necessitates  extra-king  planks.  Thisprevento 
pointed  ends,  which  are  hard  to  support  In  extreme  cases  the  planks  may 
be  in  mora  than  one  length  across  the  floor,  but  the  j  ointe  ui  adjacent  planks 
should  not  come  over  the  same  stringer  or  adjacent  stringers,  but  should 
lap  for  a  distance  equal  to  at  least  two  spaces  between  stringers. 

In  case  the  bridge  carries  street-car  traflic,  there  seems  to  be  no  better 
construction  than  to  employ  ties  to  support  the  rails  and  planks.  Seven- 
inch  grooved  rails  and  half-inch  tie  plates  are  used.  Flanks  at  least  10 
inches  wide  and  surfaced  to  84  inches  give  good  results.  The  blocks  diouki 
then  have  sufTicient  depth  to  come  flush  with  the  rail.  A  shaped  wood-filler 
on  each  side  of  the  rail  is  much  lighter  and  more  pciTnanent  than  concrete 
fiUing.  It  is  very  important,  however,  that  each  tie  shall  have  but  two 
bearings  and  that  the  rails  l)e  as  nearly  over  the  stringers  as  p<)ssiV)le,  other- 
wise the  springing  and  warping  of  the  ties  will  give  an  irregular  bearing  for 
the  rails,  resulting  in  future  trouble.  In  this  connection  it  might  be  sug- 
gested that  all  street-car  rail3  be  paints,  when  laid,  like  all  other  stnio- 
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tmal  steel,  omitting  paint  from  the  bead  if  desired.  The  nBa,  m  maaj 

installations  where  the  traffic  is  comparatively  light,  rust  out  in  the  web  and 
base,  rather  than  wear  out. 

Wood  blocks  may  be  laid  directly  on  the  planks,  but  the  usual  practice 
is  to  place  a  single  layer  of  tar  paper  between,  so  as  to  prevent  loss  of  the 
hot  joint-filler.  A  very  convenient  depth  for  the  wood  blwks  is  3^  inches, 
but,  whatever  depth  is  selected,  there  sh(juld  be  at  least  one-fourth  inch 
difference  between  the  depth  and  the  width,  so  that  thoy  will  not  Ix'  laid 
accidentally  with  the  side  of  the  grain  up.  On  long  bridges,  esjKx-iaUy 
where  there  is  a  grade,  angles  sho\dd  V)e  fastened  to  the  floor  with  hig  screws 
at  intervals  varying  from  10  feet  to  M)  feet,  according  to  conditions,  in  order 
to  prevent  the  bloi'ks  from  cret'ping.  On  grades  greater  than  two  per 
cent,  "hillside"  blocks,  made  like  hillside  brick,  can  be  used  to  good  advan- 
tage. We  have  had  a  short  section  of  such  floor  in  place  on  an  eight  per 
cent  grade  for  several  years  with  good  success.  Where  there  are  no  street- 
car rails  to  prevent  side  drainage,  it  is  wi'll  to  give  the  roadway  a  crown  of 
two  or  three  inches  in  order  to  assist  hi  draining. 

While  it  is  true  that  the  floors  descrilxd  are  heavier  than  the  plank 
floors  which  they  replace,  this  is  offset  by  the  coinj)arative  smoothness  oi 
the  surface,  which  reduces  the  vibration  caused  Ijy  passuig  vehicles. 

The  sidewalks  on  our  lighter  bridges  have  been  constnicted  with  either 
treated  or  untre;ited  lumber  laid  in  the  usual  manner,  but  this  is  not  ver>' 
satisfactory.  Such  floors  wear  out  ra])idly,  if  the  traffic  ishea\'>'.  and  are 
rough  and  irregular.  Treat (*d  lumber  exposed  to  wear  on  the  side  of  the 
grain  does  not  last  well  and  does  not  make  a  good  sidewalk.  We  have 
recently  laid  a  sidewalk  on  a  river  bridge  with  tongued-and-grooved  lumber 
surfacixi  to  If  inches,  and  with  wood  blocks  2  inches  deep,  3  inches  wide, 
and  averaging  0  inches  long,  laid  thereon.  Each  block  in  every  fifth  row- 
was  nailed  with  a  lOd  wire  finishing  nail  to  prevent  movement  or  dis- 
placement, and  the  joints  weie  filled  with  dr>'  sand.  It  was  found,  while 
the  work  was  in  progress,  that  blocks  of  this  depth,  on  a  surface  where 
there  was  no  wheel  traffic,  remained  loose  so  tliat  mischief-loving  boys  lifted 
them  out  of  the  walk  and  threw  them  into  the  river.  The  joints  were  then 
filled  with  hot  bitumiDOUB  filler,  as  was  done  on  the  roadway,  but  care  was 
taken  to  cover  the  aiufaoe  immediately  with  dry  sand  before  the  filler  had 
time  to  cool.   The  resulting  surface  is  very  satisfactory. 

When  the  old  plank  floors  on  the  smaller  bridges  are  replaced  with  the 
wood-block  floor  as  described,  the  grade  is  usually  raised  a  few  inchea  This 
necessitates  an  increased  height  in  the  back-wall.  At  first  this  was  acOGm- 
phshed  by  taking  up  the  sandnstone  back-walls  and  resetting  them  at  suffi- 
cient height  to  dress  to  the  new  floor-level.  This  is  expensive  and  not 
whoUy  satisfactory;  and  for  three  years  the  same  result  has  been  reached 
by  cutting  the  old  back-wall  down,  where  necessary,  and  setting  two  rows 
of  paving  brick  at  right  angles  to  the  face  of  the  said  back-wall  in  a  bed  of 
PortJand  cement  mortar,  and  grouted  in  place.  Where  the  approadMS 
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hftve  an  earth  wearing  surface  they  are  raised  by  the  use  of  broken  stoiie; 
but  where  they  are  improved  with  macadam,  bituminous  surfaces,  or  brick, 
a  brick  surface  is  used.  Bituminous  concrete  by  the  penetration  method 
and  Portland  cement  concrete  have  both  been  employed;  but  under  the 
conditions  prevailing  here,  neither  has  proved  satisfactory.  The  former  • 
requires  a  heavy  roller  to  give  good  results,  and  the  size  of  the  contract 
will  not  warrant  this;  and  the  latter  should  he  kept  free  from  travel  for 
a  longer  i^Miod  tlian  is  rt'ijuired  to  complete  all  the  rest  of  the  job.  Our 
practice  on  small  l)ri(l|j;('s,  in  all  cases  where  the  trafHc  cannot  be  readily 
diverted,  is  to  cut  the  old  floor  in  half  and  j)ut  in  the  new  strinnjers  and  nail- 
ing pieces  on  one  side.  A  ti  in])()rarv  floor  is  then  laid  on  this  ^idc,  and  the  • 
stringers  and  nailing  pieces  are  put  in  on  the  other  side.  The  new  floor  can 
then  he  laid  without  serious  interruption  to  vehicle-traffic.  Foot-traffic  is 
maintained  continuously.  We  use  5"X3^"Xi"-angle  whwl-guards  10 
inches  above  the  floor  in  all  through,  plate-girder  bridges  in  place  ot  wooden 
wheel-guards. 

A  complete  itemized  record  of  the  repairs  on  each  floor  should  be  kept 
in  the  office.  A  brief  sinnniarv  of  this,  giving  the  date  and  extent  of  the 
repairs,  should  be  prepan'd  and  placed  in  the  hands  of  the  inspector  for  the 
annual  inspection  in  the  spring  or  early  summer.  This  is  especially  impor- 
tant in  the  cas«'  of  ordinary  plank  floors.  When  the  inspection  is  made, 
any  accunuilation  of  mud  or  dirt  should  be  cleanetl  from  the  flcKjr,  which 
should  then  be  carefully  examined  for  needed  repairs.  Ordinarily  it  is 
difficult  to  detect  decay  in  the  top  of  the  stringers,  until  the  hard,  sound 
shell  on  the  outside  breaks  down.  If  the  inspector  has  the  date  when  the 
stringers  were  put  in,  his  experience  will  tell  him  when  he  needs  to  expect 
this  kind  of  failure;  and  planks  should  then  l>e  taken  np  to  make  sure. 

Records  kept  in  this  manner  enable  the  pers()n  in  charge  to  have  definite 
knowledge  of  the  conditions  in  the  field;  and  an  insjiection  made  with  such 
infonnation  at  hand  forestalls  many  floor  failures  which  otherwise  fre- 
quently occur. 

(C)  Painting 

We  have  found  that  our  paint itig  is  best  done  by  day  labor  with  paint 
furnished  by  the  owner.  It  frequently  happens  that  parts  of  the  bridge 
need  to  be  only  toucheil  up  at  various  points  for  the  first  coat,  in  order  to 
give  a  unifonn  surface  over  the  whole  bridge;  and  the  extent  of  such  work 
cannot  well  be  specified  in  advance.  Cleaning  is  fully  as  important  as  the 
painting;  in  fact  paint  applied  over  rust,  scale,  or  dirt  is  worse  than  wasted, 
for  it  may  prevent  the  rt»al  conditions  from  showing  and  thus  foster  further 
corrosiDiL.  With  a  good,  conscientious  foreman,  the  cleaning  can  be  made 
more  thorough  than  is  usually  possible  \mder  any  insjx^ctor  with  contract 
work.  At  t  h i s  point  it  might  be  well  to  observe  t hat  many  detailers  seem  to 
forget  all  about  maintenance,  and  eepeoally  about  cleaning  and  painting, 
when  the  drawings  are  made.  Clearances  are  too  small,  and  exposed  metal 
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IB  plaflftd  in  ioMOonUiB  phuwift  TbiB  obq  nuMtimeB  Im  coiwotod  widi 
ooDorate. 

A  painting  program  would  include  the  painting  of  amall  biidgee  in 
scattered  positions  every  three  or  four  years.  If  the  territory  is  extensive, 
•  it  should  be  divided  into  aeetiopii  one  of  whioh  riiouki  be  included  eeeh 
year.  While  there  are  many  good  pfoprietaiy  paints,  there  is  no  Ymj 
satisfaotoiy  way  of  eekwting  them  on  a  competitive  baas;  and  we  haTe- 
found  it  better  to  purchase  the  paint  under  qwdfieations  upon  wfaieh  all 
manufacturers  can  bid. 

Daik  nainta  seflBi  to  be  more  durable  than  licht  nainta:  and  btidcBB 
whieh  are  lighted  at  ni^t  can  be  painted  blaok  or  aooie  other  dark  color* 
Bridges  which  are  not  artificalfy  hglited  at  ni^t  should  be  painted  a  l%fit 
color  to  make  them  mora  readily  viable.  Rather  than  paint  the  entire 
bridge  a  light  color,  the  floor  ^jrstem  and  all  parts  beknw  the  usual  line  of 
vision  (parts  where  it  is  generally  most  difficult  to  maintain  paint)  may  be 
painteddaik.  Whenanewfioortsputon,  the  tops  of  all  floor  beema^  ade- 
Wfdk  bradDets^  and  stringers,  and  other  parts  ordinarily  inacceseible  but 
made  accesnble  during  this  work,  should  be  thorouj^iljr  deaned  and 
painted.  This  sometimes  involves  a  harddiip  by  causing  dday  in  the  woik 
when  traffic  is  maintained;  therefore,instesdcf  two  coats  of  paint,  a  heavy 
coat  of  red  lead  paste  can  be  used.  If  creosoted  lumber  is  to  come  in  con- 
tact with  steel,  the  ordinary  paint  will  not  stand,  as  creosote  is  a  solvent; 
hence  the  (iniiihing  coat  shoidd  be  a  qwdally-ineparedy  addpproof  paint. 

Where  the  finieh  is  daric,  the  priming  coat  may  be  red  lead  and  linseed 
oil  paint;  and  where  the  finish  is  li^t,  a  good  priming-coat  pigment  is 
made  of  2d%  lead  sulphate,  41%  lead  caibooate,  6%  sine  chromate,  10% 
sQica,  and  15%  asbestine.  A  good  black  finidiing-coat  pipnent  is  made  of 
55%  lamp-black  and  45%  qieoial  IVench  ochre;  and  a  finishing-light-coat 
pigment  can  be  made  of  34%  lead  sulphate,  41%  lead  carbonate,  10% 
silica,and  15%  asbestine,  with  snffidentlamp-blaek  to  produce  a  peari-gray 
color.  This  is  light  enough  to  be  readily  seen  and  stands  better  than 
pure  white.  The  vehicle  should  be  pure  linseed  oil  with  the  necesssiy 
drier.  All  proportioning  of  ingredients  should  be  by  wei|^ 

Where  possible,  all  steelwork  directly  over  steamf^railroad  tradm  should 
be  protected  by  concrete  rather  than  by  paint.  Where  this  is  not  practica- 
ble, the  painting  should  be  done  at  mare  firequent  intervals  than  is  ordi- 
narily neceaaaiy. 

The  preceding  records  of  the  opinions  of  four  engineers  who  are  experts 
on  maintenance  and  repairs  ought  to  afford  the  reader  sufficient  data  cm  the 

subject  to  serve  all  practical  purposes.  There  is  some  unavoidable  repeti- 
tion involvcKl,  and  there  are  some  minor  differences  of  opinion,  because  the 
economics  of  maintenance  and  repairs  is  far  from  being  an  exact  science. 
Again,  the  treatment  of  the  matter  of  painting  encroaches  on  the  special 
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subject  of  the  next  chapter;  nevertheless,  it  was  not  considered  advisable  to 
omit  any  sidient  portions  of  the  three  dissertations,  A  little  repetition  in  a 
technical  work  does  no  harm,  when  it  expresses  the  opinions  of  several 
authorities;  and  the  different  points  of  view  recorded  are  certainly  both 
interesting  and  advantageous. 
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CHAPTER  XLII 

I 

BOONOiaCB  OF  METAIi  PBOTECnON* 

The  preservation  of  bridges  against  rapid  deterioration  is  just  as  impor- 
tant a  matter  as  ensuring  that  they  are  properly  proportioned  and  oon-  i 
Btructed — ^yes,  even  more  important,  for  what  behooveth  it  the  owner  of  a  i 
steel  structure  to  take  the  utmost  care  in  its  designing  and  building,  if  he 
nei^ect  to  protect  it  effectivdy  against  the  ravages  of  rust?  The  life  of  a  | 
metal  bridge  that  is  scientifiesJly  designed,  honestly  and  csrefully  built, 
and  not  serious^  overloaded,  if  properiy  maintsined,  is  indefinite  long,  ' 
but  if  badly  neglected  is  often  quite  short,  especially  when  it  is  exposed  to 
add  fumes,  such  as  those  contained  in  the  smoke  from  locomotives  passing  j 
through  or  beneath.  It  is  evident,  therefore,  that  the  subject  of  eocmomics 
of  metal  protection  is  one  of  consequence  and  deserving  of  the  most  thor- 
ough consideration. 

It  may  appropriately  be  divided  into  two  topics,  vis.,  the  general  ' 
question  of  economic  expediency  in  guarding  the  structure  against  iiguiy 
by  the  expenditure  of  considerable  money,  and  the  cheapest  ways  of  effect^  I 
ing  satisfactory  protection.  I 

The  first  topic  may  readily  be  disposed  of  by  the  statement  that  it  is  in 
the  line  of  true  economy  to  spend  whatever  amount  of  money  (within,  of 
course,  the  bounds  of  reason)  that  is  found  to  be  necessary  to  prevent  the 
starting  of  any  rusting  of  metal  whatsoever.  If,  as  many  people  think,  the 
life  of  a  steel  bridge  is  limited  to  two  or  three  decades,  the  economic  question 
would  arise  as  to  how  much  money  it  would  pay  to  spend  on  painting  or 
other  protection,  in  order  to  prolong  the  said  life  a  few  years;  but  such  is 
by  no  means  the  case,  because,  as  previously  indicated,  a  modem  steel 
bridge  ought  to  last  for  centuries. 

The  second  topic  covers  a  wide  field,  and  requires  to  be  treated  in  detail 
The  principal  subjects  that  it  includes  are  the  following: 

1.  Best  kinds  of  paint  to  use  in  shop  and  field.  [ 

2.  Best  vehicle  for  pigments.  j 

3.  Use  of  driers. 

*  After  this  clmplur  hud  bitm  fuiished  for  some  time  it  was  submitted  for 
criticism  to  the  veteran  punt  a{MdaliBt,  Dr.  A.  H.  Sabin,  Consulting  Chemist  to  the 
National  Lead  Company,  and  the  acknywledfed  dean  of  American  paint  men.  Pr« 
Sabin  very  kindly  inepwed  some  memoranda  on  ootain  points;  and,  in  order  not  to 
necessitate  a  re-writing  of  the  entire  chapter,  his  fluggeations  have  been  incoipoistttl  | 
as  foot-notes. 
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4.  What  colors  for  paint  are  best  suited  to  different  conditions. 
6.  Elasticity  of  paint  coats. 

6.  Covering  and  spreading  powers  of  paints. 

7.  Cement  paints. 

8.  Linseed  oil  alone  for  the  shop  coat. 

9.  Climatic  influences  on  paints. 

10.  Application  of  paint  by  spraying. 

11.  How  best  to  prepare  new  metalwork  to  receive  the  shop  coat. 

12.  Pickling. 

13.  How  best  to  paint  newly-erected  metal.  \ 

14.  Concrete  encasement.  > 

15.  Gunite. 

16.  Proper  treatment  of  steel  that  is  to  be  encased  in  concrete  or 

giinite. 

17.  Water-proofing. 

18.  Protection  of  metal  against  brine  drippings. 

19.  Protection  of  metal  against  locomotive  gases. 

20.  Causes  of  paint  deterioration. 

21.  How  to  care  for  incipient  failure  of  paint. 

22.  How  to  determine  when  repainting  is  necessary. 

23.  How  to  clean  the  metalwork  preparatoiy  to  applying  a  new  coat 

of  paint. 

24.  Apphcation  of  paint  after  field  cleaning. 

25.  Factors  that  affect  results  in  painting. 

26.  Eoonomio  obflBTvaticma  conoeming  painting  in  general 

The  topics  in  the  above  Ust  will  be  taken  one  at  a  time  and  diacUflBed 
from  the  economic  view-point. 


Conoeming  the  best  kinds  of  paint  for  bridges  there  baa  been  waged  a 
lively  war  of  competitors  during  half  a  century  or  longer,  each  one  claiming 
that  his  product  is  the  best.  Independent  engineers^  too,  have  varied  in 
their  views  therecm,  for  each  one  has  been  rather  prone  to  be  influenced  by 
his  own  personal  e^)erience;  but  of  late  years  a  general  consensus  of 
opinions  has  been  reached,  the  decision  being  that  the  (Miming  or  shop 
ooai  should  be  red-lead  paint,  the  first  field  coat  a  mixture  of  red-lead  and 
some  so-called  inert  material,  and  the  third  coat  a  caibon  or  graphite 
paint.  The  tenn  ^' inert"  as  applied  to  paint  constituents  was  originated 
some  thirty  years  ago  the  late  Dr.  Dudley.  It  reflects  his  idea  that 
lead  and  zinc  pigments  are  chemioaUy  active  towards  linseed  oil,  while 
baiytes^  sihca,  etc.,  are  not.  As  a  matter  of  fact,  the  most  important,  if 
not  the  only,  rdations  between  the  ingment  and  tiie  vehicle  are  i^iysical, 
and  in  that  sense  there  are  no  inert  pSgnents.  Nothing  can  be  leas  ohem- 
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ieB%«otlvBtlian  powdered  quartz,  yet  it  will  UeMb  oil  m  thoroughly  as  is 
poMblB  in  any  way. 

Some  yaluable  suggeetkma  eonoerning  the  eompositioii  of  Aap  mad 
field  coats  arc  given  at  liie  end  ol  Chapter  XLI  in  tiie  data  aiqiplied  by 

Messrs.  Chalf ant  and  Covell. 

There  seems  to  exist  among  engineers  a  notion  that  it  is  unprctfessioDal 
for  a  technical  writer  to  recommend  in  print  any  special  make  of  paint. 
Such  a  tenet,  however,  is  fundamentally  wrong,  as  is  also  the  idea  that  one 
should  not  call  for  any  particular  material  of  any  kind  in  his  specifications. 
If  an  engineer  is  confident  that  a  certain  material  will  suit  his  proposed 
construction  better  than  any  other,  he  should  liave  the  courage  of  his  con- 
viction and  should  call  for  its  ust*,  even  if  he  has  to  run  the  risk  of  evil- 
niindod  jx»rsons  insinuating  that  he  wan  illegitimately  influenced  so  to  do. 
Similarly,  when  a  technical  writer  has  learned  from  long  experience  that 
certain  materials  are  best  for  certain  purposes,  he  should  be  sufficiently 
brave  and  independent  to  give  to  his  brother  engineers  the  benefit  of  his 
accrued  knowledge. 

For  manj'  years  the  author  has  favored  red  lead  for  the  shop  coat, 
provided  that  it  were  honestly  manufactured,  honestly  mixed,  honestly 
applied,  and  honestly  dried  Ix'fore  being  either  covered  or  subjected  to 
possible  abrasion.  Again,  experience  has  taught  him  that  the  pigment 
should  not  be  delivered  at  the  shops  as  a  powder  or  even  as  a  paste,  but  t  hat 
the  paint  should  be  previously  mixed  and  ready  for  use;  Ix'cause  the  caliber 
of  the  men  employed  for  shoi)-painting  is  generally  so  small  that  they  can- 
not be  trusted  properly  to  mix  the  paint,  hence  it  has  usually  occurred  that 
the  mixture  was  lumpy,  that  thinners  were  illegitimately  added,  and  that 
the  coating  was  daubed  on  the  steel  irregularly,  being  too  thick  in  some 
places  and  too  attenuated  in  others. 

Year  after  year  the  author  has  continued  his  st^arch  for  an  ideal  sliop 
coat;  and  it  was  not  until  a  .short  time  ago  that  he  found  it  in  Dutch  Boy 
Red  Lead.  At  first  he  could  obtain  this  only  in  either  jxjwder  or  paste 
form,  with  which  it  was  impracticable  to  obtain  jierfect  results;  but  finally 
he  persuaded  the  manufacturers  to  furnish  it  ready  mixed,  using  to  one 
American  gallon  of  pure  raw  Unse  ed  oil  twenty-eight  poimds  of  the  pigment 
thoroughly  incorporated  by  grinding  with  the  oil.  He  is  now  satisfied  that 
he  has  discovered  what  he  has  been  searching  for  during  mort^  than  three 
decades.  For  the  field  coat  he  has  had  the  most  satisfactory'  results  w  ith 
Goheen's  Carbonizing  Coating,  Nohrac,  and  Detroit  Graphite,  althoueh 
at  one  time  long  ago,  as  will  be  explained  further  on,  the  latter  paint 
failed  him. 

Other  engine(  rs  have  had  good  luck  with  other  finishing  coats — for 
instance,  those  recoTiinioiKlcd  l)y  Cheesman  &  Elliot,  I^we  Brothers' 
"Metalcote,"  and  Toch  Brothers'  "Tockolith."  Lowe  Brothers'  '*Red 
Lead  Lute  "  has  given  go(xl  satisfaction  as  a  shop  coat;  and  for  that  purpc^ 
many  users  pin  their  faith  on  Cheesman  &  Elliot's  No.  31  Eed  Qjdde.  A 
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quarter  of  a  century  ago  the  author  used  to  onplogr  tile  iMlUlMnlioiied 

paint  as  a  finishing  coat,  and  found  it  excellent;  but  lor  s  ahop  ooot  he 
believes  that  nothing  is  as  good  as  truly-first-claBB,  red-lead  paints. 

Between  1906  and  1912  there  was  made,  on  the  Havre  de  Grace,  Md., 
bridge  of  the  Penns>'lvania  Railroad  Company,  an  elaborate  and  exceed- 
ingly valuable  series  of  tests  of  nineteen  different  kinds  of  paint  under  the 
direction  of  certain  expert  engineers.  The  results,  as  reported,  emphasize 
the  fact  that  red-leiui  paints  and  those  having  a  considerable  amount  of 
red  lead  in  their  composition  are  the  most  durable,  and  that  a  paint  in  which 
the  top  coat  is  strictly  a  preservative  cover  over  the  red-lead  coat  gives  the 
best  results  of  all,  antl  justifies  the  well-known  philoeophy  of  the  late  Mr. 
Houston  Lowe  regarding  protective  paints  for  steel. 

To  quote  the  exact  words  of  Mr.  Geo.  S.  Rice,  one  of  the  engineers  who 
reported  on  the  said  tests,  "this  philosophy  prescribes  the  production  of  a 
sohd  and  sufficiently-elastic  foundation  with  rust-restraining  properties  by 
a  priming  coat  of  red  lead,  followed  by  a  transition  coat  intt  nnediate 
between  the  primer  and  the  top  coat,  the  office  of  the  latter  being  essen- 
tially protective  of  the  undercoats." 

It  was  noticeable  in  the  test  that  the  paints  which  withstood  best  had 
in  all  instances  a  very  large  percentage  of  pigment  in  their  composition. 

The  winning  paint  in  the  competition  was  a  combination  of  the  kind 
just  described,  submitted  by  the  Lowe  Brothers  Company.* 

In  his  book  '^Pftint  for  Steel  Structures"  Mr.  Lowe  ezpreflseB  theae 

1.  That  tbe  primiog,  or  first  eoat  of  paint,  upon  any  surface  is  the 
moel  Importaiit  one;  and  that  it  should  fonn  an  inhibitive,  firm,  uuyiekl> 
ingy  and  receptive  foundation  for  those  to  foUow  it. 

2.  That  under-eoats  should  dry  harder  and  more  quickly  than  those 
above  them,  and  that  the  difference  in  drying  between  adjoining  coats 
should  not  be  very  great. 

3.  That  the  quality  of  the  binder  is  equally  as  important  as  the 
quality  of  the  pigment. 

4.  That  the  quantity  or  weight  of  pignient  used  is  equally  as  impor- 
tant as  its  quality  or  volume. 

5.  riuit  the  time  and  method  of  application  are  equally  as  impor- 
tant as  the  quahty  of  the  paint. 

Ihere  used  to  be  some  well-founded  objections  to  red-lead  paints  in 
general,  and  these  still  hold  good  against  the  cheap  varieties  thereof. 
The  principal  ones  were  a  tendency  to  sag  and  run  on  vertical  surfaces,  and 

*  This  statement  is  on  the  authority  of  Lowe  Brothors'  written  claim,  hut  it  has  been 
(oiitradicttHl  by  Dr.  Sabin,  who  Siiys  that  the  winning  jKiint  was  a  pure  rvii  lead  inan- 
ufactured  by  the  National  Lead  Company.  Dr.  Sabin  prefers  to  use  red-lead  paint 
lor  all  three  ooftts  tutesd  of  for  tbe  shop  coat  only,  in  spite  of  tlw  voy  prevalent  idea 
thftt  red  teed,  for  effietenay,  diould  be  oovend  bj  a  mora  destie  irfp^ 
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to  settle  Into  a  haidmaas  in  the  bottom  of  the  cont^^  lliefle  faults  were 
due  to  an  esoesahre  amount  of  Hthafige  in  the  pigment,  sometimes  as  much 
as  thirty  per  eent.  Within  a  few  years  certain  kad-paint  manufacturors 
have  reduced  the  lithaige  to  as  low  as  two  per  eent,  the  remaining  ninety- 
dght  per  cent  being  true  red  lead,  FbsOi.  This  makes  an  ideal  paint  for 
the  priming  coat;  for,  bemg  extremely  fine,  it  fiOsaUpcures,  and  bni^^ 
in  a  smooth,  even  fihn  free  from  voida  Moreover,  it  stays  in  place  on 
vertical  surfaces,  does  not  act  ropy  under  the  brush,  and  does  not  settle  to 
the  bottom  of  the  container.  It  is  sold  general^  in  paste  form;  but,  until 
it  can  be  regularly  furnished  leadyHnked  for  application,  it  wffl  not  have 
ot^****^  its  acme  of  excellence. 

The  amount  of  red  lead  to  be  used  per  American  gallon  of  vdude  is 
slall  a  disputed  point  among  engineers.  In  some  cases  the  amount  actually  | 
employed  has  been  as  high  as  thirty-eeven  pounds;  but  sudi  an  unusually  | 
great  quantity  cannot  be  made  to  give  aatiafactoiy  results,  unkss  all  the 
conditions  are  ideal.  If  the  paint  be  applied  under  contract,  which  is  by 
no  means  the  best  way  but  sometimes  is  unavoidable,  it  is  well  to  limit  the 
amount  of  pigment  to  twenty-eight,  or  possibly  thirty,  pounds  per  gallon 
of  oil. 

The  theor>'  one  should  adopt  when  applying  the  coats  which  follow  the 
priming  coat,  as  well  as  at  any  tin^e  thereafter  when  the  bridge  is  to  be 
repainted,  is  to  have  each  coat  more  elastic  than  the  one  preceding  it,  so 
as  to  insure  against  checking  and  alligatoring — a  term  very  aptly  applied 
to  what  occurs  when  j)aint  dries  in  lumps  or  ridges  or  when  it  shows  wide, 
irregular  cracks,  giving  the  sui-facc  an  apjx'arance  of  alligator  hide. 

Some  authorities  advise  adding  a  little  non-<ir>'ing  oil  to  the  final  coat 
of  paint,  in  order  to  enable  it  better  to  slied  water;  and  the  author  agrees 
with  this  pra<"tice,  ])rovided  that  the  amount  used  he  not  great  enough  to 
prevent  the  paint  from  drying  thoroughly  by  the  time  an  additional  coat  is 
required. 

Summing  up  the  matter  of  the  Ijest  kinds  of  paint  for  bridgew'ork,  the 
author  fcicls  that  he  cannot  do  better  than  to  quote  the  following  from  Mr. 
Houston  Lowe's  "Paints  for  Steel  Structures"  concerning  the  desirable 
features  of  an  anti-corrosive  metal  coating: 

1.  It  should  hide  the  surface. 

2.  Should  cem(nit  itself  together,  and  also  cement  itself  to  either 

damp  or  dry  metallic  surfaces. 

3.  Should  expand  and  cont  ract  without  breaking  its  own  body* 

4.  Should  present  a  hard,  yet  tough,  outer  surface. 

5.  Should  be  impervious  to  water,  carbonic  acid,  or  other  gases. 

6.  Should  be  unafifected  by  sunshine,  heat,  frost,  dew,  or  dimatie 

changes. 

7.  Should  be  unaffected  by  ordinary  mechanical  abrasioo.; 

8.  Should  wear  evenly. 


9.  Should  fail  by  gradual  wear,  not  by  disihtegration. 

10.  Should  leave  a  good  surface  for  repainting. 

11.  Should  not  require  an  unreasonable  amount  of  skill  or  muscle  in 
\  application. 

12.  Should  be  homop;eneoiis. 

13.  Should  dry  fast  enough. 

14.  Should  not  be  readily  ignited. 

15.  Should  have  power  to  absorb  and  remove  moisture  or  dampness 

from  the  metal. 

16.  Should  have  properties  that  will  prevent  corrosive  action  of 

traces  of  water  in  contact  with  the  metal. 

Bebt  Vsmcui  FOB  Paimt 

Durability  of  paint  depends  just  as  much  upon  the  vehicle  as  it  does 
upon  the  pigment.  Up- to  the  present  time  no  vehicle  has  proved  to  be 
anything  like  as  good  as  pure,  raw,  linseed  oil,  notwithstanding  the  fact 
that  many  substitutes  have  been  tried.  Some  of  these  substitutes  are 
valuable  as  thinners  of  linseed  oil,  if  used  in  moderate  quantity,  because 
they  often  improve  somewhat  both  its  drying  and  its  working  properties. 
The  usual  reason,  however,  for  the  adoption  of  such  thinners  or  adulterants 
18  to  reduce  the  cost  oi  the  paint,  and  too  often  this  is  done  at  the  expense 
of  its  quality.  It  is  generally  conceded  that  "the  base  o£  the  beet  substi- 
tutes for  linseed  oil  is  linseed  oil  itself." 

The  author  once  had  great  hope  of  Leuool  Oil  as  a  vehicle;  and .  as  a  test 
ol  it,  he  used  Leuool  Bed-Lead  Paint  on  one  d  his  Meodcan  bridges  in  com- 
petition with  a  number  of  other  paints  on  several  nearby  structures;  but 
it  failed  to  give  satisfactory  results,  the  surface  quickly  assuming  a  whitish 
tinge,  and  the  protection  failing  much  sooner  than  it  should  have.  It 
should  be  stated,  though,  that  the  climatic  conditions  in  the  iUnra  caUente 
where  these  structures  were  located  were  unusually  severe  for  bridge 
paints.  AU  but  one  of  the  paints  then  tested  failed  unequivocaQyM^t 
of  that  €1)0191^011,  more  amuoL 

Boiled  linsead  oil  was  much  used  for  bridge  paint  in  times  long  past; 
but  experience  has  shown  that  the  boiling  is  a  detriment  to  the  Tehide 
instead  of  an  improvement  thereto. 

Use  of  Dbiebs 

« 

Some  engineen  conoder  an  drien  merely  as  adulterants,  employ 
for  the  purpose  of  cheapening  the  product;  but  the  author  is  of  the  qiunion 
that  they  occupy  a  Intimate  place  in  paint  manufacture,  provided  they 
be  used  in  moderation— espeoiaDy  for  priming  and  mtennediate  coats, 
which  often  need  to  dry  fairly  quickly  in  order  not  to  delay  the  application 
of  the  succeeding  coat  As  far  as  he  knows,  the  best  drier  to  employ  is 
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Sipe's  Japan  oily  most  of  the  other  drim  being  a  detiimeiit  father  than  a 
hfdp,  fwpiwiaHy  to  red-lead  painta* 

But  Colobs  fob  Paintb 

Practice  seems  to  have  decreed  that  dark  paints  are  more  Boitable  for 
bridges  than  light  ones,  notwithstanding  the  well-known  facts  that  they 
absorb  much  heat,  and  that  excessive  heat  is  one  of  the  most  active  agencies 
in  paint  deterioration.  The  main  reason  for  the  rductanoe  to  use  light 
paints  is  their  tendency  to  fade  and  to  show  the  dirt  that  inevitably  accu- 
mulates on  all  l^ridge  metal;  but  the  fading  is  avoidable  by  a  proper  study 
of  the  finishing  coat,  and  it  cannot  be  denied  that  dirt  shows  more  or  leas 
on  dark  paints  as  well  as  on  light  ones.  It  must  not  Ik*  forgotten  that  the 
selection  of  paint  color  for  any  bridge  is  a  mattf'r  of  aesthetics  as  well  as  of 
expediency;  for  in  some  structures  dark  colors  give  the  finer  effect,  and  in 
others  light  ones  provide  a  better  appearance.  An  old  favorite  color  of  the 
author's  is  olive  green;  and  he  has  employed  it  on  a  nunilx»r  of  occasions 
with  satisfaction  to  all  concerned.  Canary  yellow  and  pearl  gray  are  often 
suitable  colors  for  the  finishing  coat. 

There  is  one  important  point  about  paint  colors  that  should  never 
be  ignored,  viz.,  that,  no  matter  how  many  coats  are  given  to  any  steel- 
work, all  of  them  should  be  of  essentially  different  sha<les  or  colors,  in  order 
to  make  sure  that  all  the  coats  called  for  are  really  applied.  In  one  of  his 
early  bridges,  the  author  caught  the  erection  superintendent  try  ing  to 
pahn  off  on  him  a  single  coat  of  rather  thick  paint  instead  of  two  field  coats 
of  the  same  color.  Ever  since  then  his  bridge-erection  specifications  have 
called  for  distinctly  different  shades  or  colors  of  paint  coats. 

Elasticity  of  Paint  Coats 

The  matter  of  elasticity  in  paint  coats  is  one  ol  extreme  importance; 
because,  if  neglected,  the  paint  is  liable  to  crack  and  permit  moisture  to 
reach  the  metal,  thus  starting  rust.  As  l^fore  indicated,  there  should  be  a 
gradual  increase  in  the  elasticity  ol  the  different  coats  from  the  priming  one 
outward. 

GOYEBINO  AMD  SfBBADINQ  PoWXBfl  OF  PaDTIB 

One  of  the  most  effective  claims  of  paini-eelling  agents  is  thai  the 
special  paint  which  they  handle  has  a  very  laigeqireading  power;  andUua 

•Conocming  driers  Dr.  Sabin  writes  lus  follows: 

Three  or  four  years  ago  I  seut  a  circular  letter,  asking  confidentiai  opimoos  as  to 

out  eueptkm  ^hty  agreed  that  if  price  ie  left  out  of  aoooimt  the  beet  drier  ie  fkee  bom 
Tomn,  end  contains  lead  and  manganeae»  fhHn  three  to  tveaty-fire  iSmm  m  wnA  lead 

ae  manganej'o,  but  must  rontain  brith. 

I  myself  would  not  object  to  a  drier  made  by  a  responsible  coiKM^rn.  which  OQO* 
tained  a  little  rosin,  as  moet  commercial  driers  do.   The  trouble  ie  to  draw  the  line. 
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aipliealB  strongly  to  moat  of  their  buyers — usually  erection  contractors — who 
reoofEoiie  that  the  greater  the  spreading  power  the  smaller  the  quantity 
ci  paint  fequired,  and,  consequently,  the  less  the  cost.  The  bridge  owner, 
on  the  contraiyi  is  not  interested  in  having  his  contractor  use  paint  of  the 
greatest  possible  spreading  capacity,  because  the  greater  the  said  capacity 
the  thinner  the  coating— and  the  thinner  the  coating  the  wiU  it 

become  disintegrated  by  moisture,  gases,  etc.  Of  course,  one  can  go  to 
the  other  extreme  by  laying  on  the  coat  too  thick,  in  which  case  it  will  run 
on  vertical  surfaces  and  will  be  too  slow  in  drying  on  horiiontal  ones. 
Ordinarily,  single  coats  of  dried  paint  vary  in  thickness  between  one  five- 
hundredth  and  one  one-thousandth  of  an  inch;  and  to  produce  this  the 
qireading  capacity  is  from  eight-hundred  to  sixtoen-hundred  square  feet 
per  American  gallon  of  paint.*  The  inspector  of  painting  on  bridgework, 
acting  solely  in  the  interests  of  the  owner,  should  endeavor  to  have  all  paint 
applied  just  as  thickly  as  it  can  be  used  without  flowing  on  vertical  surfaces. 
It  should  be  daubed  on  thick  at  first,  then  graduaUy  worked  out  by  careful 
brushing  so  that  it  wiU  flow  into  all  the  pores  of  the  metal 

Distinction  should  be  drawn  between  covering  capacity  and  spreading 
capacity  of  paints.  The  f<nmerrefcrB  to  the  hiding  capacity  of  the  coating 
in  relation  to  the  surface  on  which  it  is  applied,  and  is  meamred  by  certain 
standard  tests  on  white  surfaces^  while  the  qireading  capacity  refers  to  the 
numberof  square  feet  of  surface  that  can  be  cohered  ly  an  Amffficangrikm 
of  the  paint. 

CmoBNT  Paimtb 

Portland  cement  as  a  pigment  in  bridge  paints  has  begun  to  come  into 
TOgue  of  late  years,  the  princFpal  manufacturers  of  it  being  the  well-known 
firm  of  Toch  Brothers,  and  their  product  being  designated  "Tockolith." 
The  author  has  not  yet  tried  this  brand  of  paint  on  any  of  his  bridges,  hence 
cannot  speak  from  personal  experience  concerning  its  efficacy;  but  the  fact 
that  such  a  prominent  bridge  engineer  as  Dr.  (jhistav  Lindenthal  has  used 
it  on  some  of  his  largest  structures  is  a  guarantee  that  it  is  a  first-dass 
protective  agent.  However,  Dr.  Lindenthal  is  not  willing  to  go  so  far  as 
to  state  that  Tockolith  is  superior  to  red-lead  paints  of  beet  quality;  for 
the  author  asked  hun  the  direct  question  and  he  would  not  repty  affinnar 
tively.  Toch  Brothera  have  issued  a  veiy  interesting  little  pamphlet 
"RLW.  Steel  Fteservative  Paints"  (R.I.W.  meaning  "Remember  It's 
Waterproof);  and  the  reader  is  referred  to  that  publication  for  further  infor- 


•  Dr.  Sabin  prafm  to  adopt  an  ana  of  700  square  feet  per  gaUon  of  paint  for  red 
lead  coatings,  and  states  that  graphite  painta  are  supposed  to  oover  hom  800  to  000 

square  feet  \)cr  fcallon.  He  claims  that  red  lead  makes  a  atronfrer  and  more  imper\noijfl 
film  than  anything  else,  \\viu  v  can  Ih'  safely  i)ut  on  thinner,  and  that  three  red  lead 
coats,  r<) vcring  70U  square  feet  per  gallon,  make  a  final  film  seven  one-thouaandtbs  of  an 
inch  thick* 
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mation  on  the  subject.  If  the  clainis  iimde  by  its  writer  ate  oofTeet^ 
Tockolith  has  all  other  paints  Ix  aten  lor  bridgewoik. 

Speaking  of  the  claims  of  paint  manufacturers  and  agents  oonoemtng  the 
excellence  of  their  products,  reminds  the  author  of  an  amusing  stor>'  once 
told  him  by  Dr.  Sabin;  and,  as  it  has  never  yet  appeared  in  print*  it  is 
here  put  on  record. 

The  late  Mr.  D.  D.  CarrotherSy  of  the  Baltimore  and  Ohio  Railway, 
used  to  tell  of  a  well-known  paint  manufacturer,  a  most  accomplished  and 
adroit  sakianan,  who  persuaded  him  to  biiy  a  oonsiderabte  quanti^  of 
bridge-painty  which  did  not  turn  out  weU.  When  he  came  around  the  neKt 
year,  the  engmeer  told  him  to  get  out;  his  paint  was  worthkes.  "I  know 
that,"  was  the  unexpected  reply;  "don't.you  sui^wse  I  know  all  about 
my  own  paint?  We  tested  that  paint  thoroughliy,  as  I  thought;  but^  when 
it  came  to  prsetical  use,  it  developed  unforeseen  defects,  and  I  have  had 
trouble— the  utmost  trouble— in  fading  their  cause.  But  we  have  found 
and  corrected  it,  and  now  I  have  a  paint  that  is  abeohitdy  all  ri|^;  but  I 
had  a  dreadful  tame  with  it  last  year."  He  was  so  plausible,  convincing^ 
and  persistent  that  he  went  away  with  another  good  order;  whidi,  however* 
turned  out  no  better  than  the  first  lot  ''But,"  sski  Bir.  OuTOtben^  ''I 
eipect  he  will  sdl  me  some  more  this  year!" 

LiNsxBo  Oil  alonb  pou  Shop  Coat 

A  quarter  of  a  century  ago  it  was  quite  usual  to  employ  boi]e<l  linseed  oil 
without  any  pigment  tlierein  for  the  shop  coat  on  stnictural  steelwork; 
and,  in  conformity  with  the  fashion,  the  author  followed  the  custom  when 
building  the  I'nion  I^oop  and  the  Northwestern  Elevated  Railroads  of 
(Chicago.  In  so  doing  he  learned  by  siid  experience  the  fallacy  of  the 
practice;  for,  owing  to  a  sudden  short ag<"  of  funds,  tlie  Company  had  to 
close  down  all  work  instanter,  leaving  a  mile  or  more  of  metahvork  erected 
and  unpainted.  When  construction  was  resumed  a  year  or  two  lat^r  the 
steel  was  in  an  awful  mess,  and  required  an  immense  amount  of  labor  to 
clean  it.  In  all  probabiUty,  that  portion  of  the  structure  actuals  lost  a 
portion  of  its  vitality  through  this  unfortunate  circumstance.  Thereafter, 
of  course,  the  author  refused  to  allow  linseed  oil  alone  to  be  used  for  a  shc^ 
eoat;  and  eventually  the  custom  went  out  of  fashion. 

CUMATXC  iNlIfUINGXB  ON  PaINTB 

Two  decades  sgo  very  few  persons  recogniied  that  elunate  had  anything 
to  do  with  the  durability  of  bridge  paint,  and  that  a  brand  which  was 

effective  in  one  locality  might  fail  utterly  in  another,  even  if  the  material 
were  taken  from  the  same  barrel.  During  the  late  nineties  the  author 
secured  very  good  results  from  the  Detroit  Superior  Graphite  paint,  finding 
that  it  could  be  relied  upon  for  five  years  before  a  new  coat  was  needed. 
All  the  bridges  where  he  employed  it,  however,  were  located  in  the  north 
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qnta  he  boat  one  •croaB  the  Red  River  at  AkuMidriB,  Lft.  About  the  aame 
time  he  was  oonetraeting  over  two  hundred  bridges  on  the  line  of  a  oertam 
Mexican  railway;  and,  althou^  he  experimented  there  with  a  nmnber  of 
paints,  he  used  at  first  the  Detroit  product  on  most  of  the  metslworic,  for 
the  reason  that  it  had  given  him  such  satisfaction  previously.  It  had  not 
been  applied  in  the  fidd  on  these  Mexican  bridges  more  than  a  year  befoie  it 
began  to  fafl  and  to  go  to  pieces  rairidly;  and  about  the  same  time  the  paint 
on  the  Alexandria  bridge  showed  rapid  deterioration. 

Of  course,  other  paints  were  immediately  adopted  for  the  wmaining 
Mexican  bridges;  and  the  manufacturers  of  the  Detroit  paint  were  noti- 
fied of  the  trouble.  In  consultation  it  was  decided  that  the  paint  fur- 
nished by  the  company,  while  excellent  for  dry  climates,  was  imsuited  for 
very  damp  ones,  especially  where  the  dampness  was  combinod  with  heat 
Thereupon  the  Company  instituted  an  elaborate  and  extensive  series  of 
practical  tests,  and  learned  therefrom  how  to  manufacture  paints  suited 
to  an  kinds  of  climates,  thus  regaining  for  their  product  the  high  reputation 
for  excellence  which  it  had  previously  enjoyed.  Today  it  is  one  of  the  best 
finishing  coats  for  bridges  that  the  maricet  affords;  but  the  Company's 
agents  are  now  veiy  careful  to  enquire  where  any  paint  is  going  to  be  used 
before  thsy  seQ  it. 

Of  all  the  paints  tested  on  the  Mexican  bridges  previously  referred  to, 
there  was  only  one  that  proved  satisfactory  for  the  damp  climate  of  the 
Uerra  ealienie;  and,  strange  to  say,  that  one  was  located  in  the  worst  pos- 
sible place  for  paint  endurance,  viz.,  close  to  the  elevation  of  the  salt  water 
of  the  Gulf  of  Mexico  at  the  very  mouth  of  a  river  and  not  fur  from  the  city 
of  Vera  Cruz — a  place  noted  for  its  disagreeable,  niugK>'  clinmte.  The 
paint  referred  to  was  Z.  P.  Lciter's  "Air-Drying,  Salt- Water- Proof  Paint." 
It  had  proved  to  be  the  best  of  some  twenty  standard  j)aints  tested  at 
Tampico,  Mex.,  for  a  large  wharf  there  by  the  late  A.  J.  Tiillock,  a  noted 
bridge  contractor  and  thi;  founder  of  tlie  piesent  Missouri  Valley  Bridge 
Company  of  Leavenworth,  Kan.  It  was  because  of  Mr.  Tullock's  recom- 
mendation that  the  author  tried  it  at  Boca  del  llio. 

Some  six  years  or  more  after  the  bridge  was  built  and  finally  painted,  the 
author  received  a  letter  from  the  General  Manager  of  the  railroad  coni])any 
asking  the  name  of  the  brand  of  the  paint,  and  stating  that,  in  spite  of  its 
being  often  drenched  with  salt  ^ray,  it  appeared  to  be  in  as  good  condi- 
tion as  new  paint.* 

Soon  after  that  the  author  was  engaged  on  the  building  of  an  important 
bridge,  having  the  hottoni  chords  quite  close  to  the  siilt  water,  at  Vancou- 
ver, B.  C.;  and,  naturally,  he  arranged  to  use  the  I^eiter  paint.  The  nietal- 
work  was  being  manufactured  in  the  shops  of  the  Dominion  Bridge  Com- 

•  It  h:i.s  bton  stated  thjit,  since  the  death  of  Mr.  Lciter,  the  formula  for  his  Air- 
Drying,  Salt-Watcr-Proof  Paint  lias  hcon  lost.  If  such  be  the  case,  it  is  truly  regret- 
table, for  it  certainly  was  a  most  effective  protection  to  steel  asainst  the  attacks  of  salt- 
mter. 
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to  the  oold  steel,  it  would  not  adhere,  cooaBquently  another  fannd  had  to 
be  cmployBd. 

Mr.  Howard  P.  Quiok,  Consulting  Engineer,  fonneriy  Menhamcal 
Engineer  and  Deogner  for  the  Pearson  Ebigineertng  Coipotation  and  Aflv^ 
oiated  Onm|wuiiea  in  Braal,  Menoo^  C3anada»  Spain,  and  the  United  Stated 
baa  very  Idndly  fumudied  the  author  with  the  loUowing  infonnatioii  eon- 
eenung  the  devdoping  of  a  auitaMe  paint  for  ateehrark  of  aU  kinda  to  meet 
the  abnormal  dimatie  eonditiona  of  Braafl  at  a  plaee  where  no  paint  of  anj 
kind  imported  from  either  Amerioa  or  Europe  oould  endure  the  trapieal 
humidity.  Varioua  Ameriean  engineers  on  Braailian  Conalraetioiiak  raoog- 
nizing  the  gravity  of  the  sitantion,  eombined  forces,  and  had  the  rhmiata 
of  the  Rio  Janeiro  Qaa  Company  experiment  for  them  in  their  aearefa  for 
a  paint  that  would  meet  the  oondttioDS.  That  company  poBBBBsed  an 
to-date,  by-products,  ooke-retort  system,  and  produoed  therefrom  plentgr 
of  tar  and  other  residues;  consequently  its  ohemiste  set  to  work  invwti 
gating  the  question  on  the  basis  of  utiliaing  these  by-produets,  and  finaQy 
devekiped  a  tough,  adhesive,  elaatie,  and  (j^osQHRirfaeed  paint  which  had 
all  the  qualitiea  desired,  barring  appearance.  The  oomposition  aa  reported 
to  Mr.  Quick  by  the  American  Chemist,  Dr.  Harrop,  General  Manager  of 
the  tei^M  AfMiii^  Ai  6^  was  as  folkiws: 

1  part  of  Portland  cement. 
1  part  of  kerosene,  and 
4  parts  of  gaa- works  tar. 

The  cement  was  first  mixed  with  the  kerosene,  and  then  tar  was  added 
to  develop  the  consistency  reijuired.  This  produced  m  glnss>',  quick-dr>  ing 
paint  of  a  dark,  greenish-black  color  which  dried  as  hard  as  rock  and  was 
unaffected  by  weather  or  teinj^eratuie  changes. 

Such  a  paint  ought  to  be  (juite  inex{>ensive;  and  it  should  be  tried  in 
other  tropical  climates  than  that  of  Brazil  and  also  in  the  Gulf  States  of  the 
U.  S.  A.  The  author  surmises  that  it  might  not  withstand  well  the  cold 
winters  of  our  northern  states;  but  it  would  be  well  to  give  it  a  trial  there. 

To-day  all  first-class  paint-manufacturers  recognize  that  it  is  absolutely 
essential  to  know  about  the  peculiarities  of  the  climate  where  any  structure 
is  to  be  erected  before  starting  to  manufacture  the  fidd  coats  of  paint 
liierefor* 

Spbatino  of  Paint 

Spraying  paint  on  bridge  metal  is  a  lately-developed  custom ;  and  ad- 
eeming the  satisfactorinesB  of  the  procees  there  are  both  pros  and  con&  It 
involves  a  wastage  of  paint  that  is  unavoidable,  but  which  may  be  kept 
down  to  reasonable  limits  by  constant  care  and  attention;  and  it  is  claimed 
by  some  painters  that  it  does  not  work  the  paint  into  the  pores  of  the  metal 
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as  well  as  does  first-class  hrushwork.  Again,  spraying  is  a  meflsy  process, 
and  much  paint  is  likely  to  go  to  j)laces  for  which  it  was  not  intended.  One 
great  advantage  which  it  has  is  that  it  will  reach  locations  difficult  of  access 
by  the  brush,  and  which,  in  consequence,  are  often  improperly  protected. 
As  far  as  ultimate  total  cost  is  concerned,  it  is  probable  that  the  saving  in 
labor  will  about  offset  the  wastage  of  paint. 

CLEANmo  OF  Metalwobx  fob  Shop  Coat 

Unless  metalwork  is  thoroughly  cleaned  before  the  shop  coat  of  paint  is 
appUed,  the  endurance  of  the  protection  will  be  short;  hence  it  is  truly 
economic  to  ensure  that  the  cleaning  is  effectiv(Oy  done,  so  as  to  remove  all 
dirt,  rust,  scale,  and  grease.  The  time  elaj^sing  l)etween  cleaning  and 
painting  should  be  matle  as  short  as  |x>ssible;  because  it  does  not  take  long 
to  start  fresh  rusting  on  cleaned  metal.  As  to  the  methods  for  .shop-clean- 
ing, hand-work  ought  io  suffice;  for  sand-blasting  should  be  unnecessary. 
If  the  metal  is  very  badly  rusted,  it  generally  e.staV)lishes  sound  evidence  of 
carelessness  on  the  part  of  somebody  who  ought  to  be  held  regponmble  for 
its  injured  condition. 

Strictly  speaking,  all  rolled  material  for  bridgework  should  be  taken 
from  the  mill  to  the  shops  with  the  least  possible  delay,  and  should  be  stored 
under  proper  shelter  from  the  elements,  in  order  to  avoid  rusting;  and  it 
would  be  in  the  line  of  true  ultimate  economy  to  give  it  a  coat  of  linseed  oil 
ioon  after  it  comes  from  the  rolls.  Most  steel  manufacturers  and  users 
will  claim  that  these  precautions  are  unnecessary,  that  the  coat  of  oil  would 
be  traublesome  to  put  on,  and  that  the  storage  sheds  would  cost  a  lot  of 
mtHDey,  These  objections,  of  course,  are  important;  but  the  author  is  of 
the  opinion  that,  in  the  interest  of  tnie  economy,  they  will  ultimately  be 
overcome,  and  that  sometime  in  the  future  all  proper  precautions  will  be 
taken  on  important  steel  structures  to  protect  effectively  ofl^*""^  rust  the 
metal  that  is  to  be  employed  in  their  manufacture.  < 

The  torch  should  first  be  used  freely  in  cleaning  metal  in  the  shops,  for 
the  double  purpose  of  burning  any  grease  that  there  may  be  on  it  and  to 
remove  all  moisture;  after  which  should  follow  scraiUDg  with  steel  brushes, 
file  scrapers,  and  putt\'  knives.  Any  heavy  seed  rust  which  has  formed 
eups  in  the  metal  should  be  chipped  out  by  hammer,  care  being  taken  to 
avoid  all  unnecessary  cutting  of  the  steel.  This  deaning  should  be  most 
eaiefuUy  watched  by  a  competent  and  reliable  inspector  whose  €oiii|mih 
■atum  comes  wholly  from  the  owner;  but  too  often  it  is  done  in  a  narrlcw 
or  perfunctory  manner  by  ignorant  foreigners  who  take  no  intersst  in  per- 
fonning  their  work  welL  It  used  to  be  the  custom  in  some  bridge  shope 
to  ton  over  the  painting  to  newly-imported  Hungarians,  who  were  the 
cheapest  laborera  on  the  pay-roU;  and,  as  a  rssult,  the  author  has  seen 
metal  ddiversd  at  site  witii  the  shop  eoat  of  pamt  overiying  in  Uurge  areas 
half  an  inch  off roaen  mud.  Conditions  in  this  nspect  today  are  undoubt- 
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ed^  mtieli  better  than  they  were  twenty-five  or  thirty  years  ago,  but  there 
is  still  much  room  for  improvement. 

PlCKLINa 

Pickling  is  an  effective  way  to  rlean  steel;  and  it  is  much  used  in  electro- 
plating and  enameling,  but  not  for  hridgework.  The  reason  is  the  troii})le 
and  expense  which  it  involves.  In  ai)plying  the  method,  it  must  Ik- 
remembered  that  when  metJil  is  immersed  in  a  hot  bath  of  either  sulphuric 
acid  or  muriatic  acid,  it  will  bo  necessary,  immediately  after  removal  there- 
from, to  neutralize  any  portion  of  the  liquid  which  adheres  to  the  steeL 

PAiMTiNa  Newlt-sbbcud  Stbblwobk 

As  soon  as  practicable  after  a  span  is  erected,  provided  the  weather  is 
propitious  for  painting,  the  metal  should  be  thoroughly  cleansed  from  any 
dirty  grease,  rust,  or  other  impurity  which  it  has  taken  on  since  leaving  the 
shop;  and  if,  for  any  reason,  any  serious  rusting  has  started,  all  traces  of  it 
should  be  removed.  Next,  all  spots  ahnided  either  by  accident  or  during 
doaning  should  be  touched  up  with  some  of  the  red-lead  paint  used  in  the 
shop  (with,  perhaps,  theaddition  of  a  little  Japan  drier  in  order  to haflten  the 
Job);  and,  after  this  spotting  has  dried  sufficiently,  the  first  field  OMtt  dbould 
beapplied.  This  should  be  allowed  ample  time  to  diy  before  the  next  cosl 

is  put  OIL 

Ck»f GBETB  ENGASEHmiT 

The  encasing  of  bridge  metal  in  concrete  is  an  expedient  which  has 
come  into  vogue  of  kite  years.  It  is  employed  in  most  cases  for  protecting 
all  met-al  below  the  level  of  the  deck  against  locomotive  gases,  and  is  not 
often  used  above  that  elevation.  The  expedient,  though,  in  one  sense  is 
quite  old;  because,  for  several  decades,  column  feet  of  trestles  and  elevated 
railroads  have  been  y)rotticted  by  enclosure  in  the  concrete  of  peilestal  tops. 

In  order  to  inak(^  such  prot^^tion  truly  effective,  the  concrete  sliould  be 
water-proof.  This  result  can  be  accompli.shed  in  a  number  of  ways* 
A  water-proofing  membrane  gives  the  most  certain  results;  but  in  many 
instances  it  will  be  best  to  adopt  a  rich  mixture  and  to  add  to  the  cement 
some  five  or  ten  per  cent  of  its  volume  of  hydrated  lime.  This  matter  of 
water-proofing  is  treated  at  length  in  Chapter  XLIII. 

As  concrete  is  heav>%  its  use  for  a  metal  protector  adds  material^  to 
the  dead  load  of  structure,  thus  necessitating  the  employment  of  man 
steel  to  sustain  it;  hence  it  behooves  one  to  make  the  coating  as  thin  as 
practicable — ^and  yet  not  too  thin,  because  very  thin  oooorete  may  not 
afford  the  requisite  protection,  unless  it  be  placed  by  pnwmuitie  gmit  m 
which  case  it  is  tenned  gumte. 
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GUNITB 

There  is  an  eeooaiiiie  <iue8tkm  involved  in  oliooBing  between  ordinaiy 
concrete  and  gunite  for  metal  piotectaony  the  fomer  being  cheaper  per 
cubic  unit  but  requiring  a  larger  Tohane  and,  consequently,  more  metal 
to  sustain  its  greater  weight.  The  gunite  is  much  more  dense  than  ordinaiy 
concrete,  and  hence  affords  better  protection  against  moisture.  In  order  to 
prevent  its  cracking  under  changes  of  temperature,  it  generally  requires 
coarse  wire  mesh  or  expanded  metal  to  hold  it  together.  It  adheres  so 
closely  to  structural  steel  that,  in  order  to  remove  it  after  it  has  fully  set 
and  hardened,  chiseling  is  necessar>'.  Gunite  should  be  at  least  one  inch 
in  thickness.  When  shot  horizontally  or  vertically  u})\v;ir(l  the  covering 
is  strong  and  unifomi;  but,  when  shot  vertically  downward,  sand-|X)ckets 
are  likely  to  form,  unles>s  the  operation  be  carefully  watched  and  all  improp- 
erly-cemented material  instantly  removed. 

Treatment  of  Steel  that  is  to  be  Encased  in  Concrete 

OR  Gunite 

In  mort  easesy  ioffident  attention  is  not  paid  to  the  covering  of  metal 
whidi  is  to  be  buried  in  concrete;  because,  if  it  is  given  a  coat  or  two  or 
ovdinaiy  paint,  the  concrete  may  adhere  to  the  said  paint  all  right,  bot  the 
latter  may  eventually  separate  hom  the  metal,  thus  loosening  the  whole 
protection  and  cither  lessening  or  destroying  ite  efltoienty .  Intheolddays^ 
when  the  question  was  much  more  simple  than  it  is  now  (invdving,  as  it 
did,  only  the  burying  of  anchor  bolte  or  anchor  metal  in  the  concrete),  the 
author  solved  it  for  his  work  giving  the  metal  a  coat  of  boiled  linseed  oil 
at  the  shops,  and  by  scrubbing  it  off  at  site  just  before  placement.  That 
method  would  be  impracticable  today  on  account  of  the  laige  amounte  of 
steel  to  be  protected;  hence  one  might  put  on  the  ordinaiy  shop  coat  ol 
red4ead  paint  and  take  it  off  after  erection  by  means  of  a  sand  bhuit,  thus 
leaving  tiie  dean  metal  exposed  to  the  concrete  or  gunite. 

Toch  Brothers,  however,  daim  that  their  No.  1067A  *'R.I.W."  paint, 
which  contains  no  saponifiahle  oil  and,  therefore,  avoids  all  chemical  action 
between  the  concrete  and  the  paint,  wiD  make  a  pennanent  bond  between 
the  sted  and  the  concrete.  Some  other  manufacturers  make  similar  daims 
for  special  producte  of  tbdr  own. 

Protection  Against  BniNn  Dsippinos 

One  of  the  most  destruct  ive  agencies  in  respect  to  bridge  metal  is  brine 
drippings  from  refrigerator  cars;  and,  as  yet,  no  sjitisfactory  protection 
against  it  has  been  found.  The  metal  most  injured  is  t  hat  in  the  top  flanges 
of  stringers  and  cross-girders;  but  the  webs  and  bottom  flang(»s  thereof  and 
the  buck  braces  suffer  also  more  or  less.  Of  course,  the  ideal  method  of  pro- 
tection would  be  to  catch  the  drippings  in  receptacles  on  the  oars  and  thus 
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prevent  their  ever  leaehing  tbe  bridges;  but  this  has  not  yet  been  done. 
It  18  a  matter  which  ahouki  be  investigated  promptly;  and,  if  an  ^eethre 
remedy  for  the  trouble  be  found,  it  should  bp  utiUaed  irithout  delay  all 
railroads,  because  the  damage  done  by  the  drippings  is  not  confined  to  the 
floor-^stems,  but  in  deck  truss-bridgee  extends  also  to  the  upper  chorda. 
Thetotal  value  of  the  annual  damage  to  all  the  stod  bridges  of  North  Amefw 
ica  by  brine  drippings  must  amount  to  a  goodly  sum. 

The  railroads  are  now  struggling  with  the  owners  <st  the  refrigeratop- 
car  lines  in  an  endeavor  to  force  them  to  lead  the  brine  to  one  side  so  far 
that  it  will  not  drip  on  the  track  rails  and  their  fastenings;  but  nothing  of 
any  account  is  being  done  to  protect  steel  bridges  with  open  timber  decks, 
excejjting  sometimes  to  cover  each  stringer  and  each  floor-beam  with  a 
wide  plank  or  to  daub  thickly  the  top  surface  of  the  endangered  metal 
with  some  paint  or  other  compound  that  has  no  chemical  affinity-  for  the 
brine. 

PnoTEcnoN  AoAiNST  Locomotive  Gases 

Another  deadly  agent  of  destruction  to  steel  bridges  is  the  gas  from 
steam  locomotives,  esjK'cially  when  they  pass  beneath  the  stnicture,  in 
which  case  the  gas  collects  in  senii-encloscil  spaces  where  it  remains  and 
steadily  attacks  first  the  paint  and  then  the  steel  l>en('uth. 

As  before  mentioned,  the  surest  method  of  protection  against  such 
attack  is  to  enclose  the  entire  metalwork  below  the  elevation  of  track- 
rails  in  concrete  or  gunite.  Another  method  is  to  use  s]XH'ial  paint  beneath 
the  floor  and  to  hang  wooden  or  sheet-iron  protecting  platforms  close  to 
the  deck.  If  the  tops  of  the  smoke-stacks  of  the  locomotives  come  very 
near  to  the  floor  of  the  bridge  above,  esi>ecially  where  there  is  a  heavy 
up-grade,  cinders  are  driven  out  of  the  stacks  at  high  velocity,  combined 
with  smoke  and  steam,  thus  forming  the  most  effective  possible  kind  of 
blast  for  cutting  first  the  protection  and  then  the  steelwork  itself. 

Causes  of  Paint  Deterioration 

The  main  causes  for  deterioration  of  bridge  paint,  as  stated  by  tbe 
late  Mr.  Houston  Lowe,  are  as  follows: 

1.  Water.  (Dissolution.) 

2.  Action  of  light  and  heat.    (Chemical  and  physical  change.) 

3.  Chemical  action  Ix^tween  pigment  and  })inder.  (Disintegration.) 

4.  Abrasion  or  mechanical  injurj'.  (Motion.) 

5.  Action  of  deleterious  gases.    (Foul  air.) 

It  is  impracticable  to  keep  water  away  from  a  bridge,  but  the  design 
can  be  so  made  that  there  are  no  pockets  to  hoM  it,  in  which  case  it  qutckty 
runs  aS  and  evaporates. 

The  deleterious  action  of  light  and  heat  can  best  be  combated  by  a 
proper  choice  of  color  for  the  finishing  coat. 
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Dinitogntkm  by  nam  of  oliemlciil  aotkm  between  pigmoit  and 
binder  is  a  matter  for  the  paintHaoainifacturen'  ehemirte  to  take  care  of; 
and  this  has  alreaify  been  done  by  all  of  the  fint-dasB  oompaniee  with 
more  or  leas  suooesB. 

Abrasion  of  .bridge  paint,  except  by  the  before-mentioned  cinder  bbst 
from  steam  k>oomotiveS|  is  something  whidi  should  seldom  occur,  because 
nothing  should  be  sllowed  to  strike  the  metahraik  of  a  bridge  hard  enough 
to  disturb  the  paint  thereon. 

In  rsspeet  to  the  action  of  deleterious  gases,  that  question  has  already 
been  dismwed  at  some  length  herein. 

How  TO  Care  for  Incipient  Failure  op  Paint 

As  all  bridges  should  be  submitted  to  careful  inspection  at  short 
Intervals  of  tinie»  any  incipient  failure  of  paint  should  be  quid^y  dis- 
covered. If  the  failure  pertains  to  the  field  coats  only,  it  wdl  suffice  to 
cover  the  defective  parts  with  a  layer  or  two  of  the  final  coating;  but,  if 
it  extends  into  the  shop  coat,  the  spot  affected  should  be  covered  with  red- 
lead  paint  of  best  quality,  and  afterwards,  for  the  sake  of  appearance,  re- 
covered with  lome  of  the  finishing-coat  paint.  If  the  metal  is  exposed  and 
rusted,  which  will  not  occur  if  the  structure  is  properiy  examined  at  inter- 
vals of  time  not  too  great,  some  scraping  will  be  necessaiy  before  the  red- 
lead  paint  is  applied. 

By  careful  attention  of  this  kind  the  life  of  the  paint  can  readily  be 
extended  from  twenty-five  to  fifty  per  cent,  as  compared  with  what  it  would 
be  without  such  attention. 

Determination  of  Tms  poa  Repainttno 

When  the  partial  failures  bcjicin  to  come  so  rapidly  that  the  retouching 
process  is  expenrave  and  troublesome,  and  especially  when  the  attacks 
appear  to  be  liable  to  reach  the  metal  through  the  shop  coat  ,  it  is  about 
time  to  give  the  structure  a  thorough  cleaning  and  one  or  (better)  two  coats 
of  paint.  The  psychological  time  for  doing  this  can  only  he  determined  by 
an  experienced  bridge  man^preferably  the  (Superintendent  of  Structures 
of  the  raiboad,  stete,  county,  or  municipality. 

Clbanino  or  Mbtalwork  Preparatobt  to  Apfltdvo  Nkw  Fikld 

Coats 

The  cleaninp  of  the  metalwork,  if  it  has  been  properly  careti  for,  will 
not  prove  to  Ix'  a  serious  husiiu'ss;  but,  othenvise,  it  will  involve  a  rather 
drastic  operation.  If  ix)8sil)l(',  the  shop  coat  of  red  lead  should  not  be 
disturbed,  but  should  Ix'  fffeetively  re-covered.  In  places  the  torch  may 
have  to  be  usetl;  but,  as  it  cuts  to  the  ruiick,  its  use  should  be  avoided 
whenever  practicable.  Similarly,  the  sand-blast  should  not  be  adopted, 
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unless  actual  rusting  has  started,  for  it  eats  into  the  metal;  and  some  good 
authorities  claim  that  where  it  is  employed  the  paint  will  not  adhere  as 
long  as  it  will  where  hand  cleaning  alone  has  been  adopted.  The  use  of  the 
sand  blast  deposits  a  lot  of  sand  in  numerous  comers  and  pockets  ai  the 
metalwork;  and  it  should  all  be  oarafuUy  brushed  therefrom  beloie  aqj 
paipting  is  done. 

Application  of  Paint  aftku  Clkamng 

The  following  suggestions  coneeming  field  painting,  if  followed,  should 
lead  to  economic  results  in  maintenance  of  bridges: 

FinL  Avoid  both  cleaning  and  painting  in  wet  or  very  cold  weather. 
A  few  months'  delay  will  seldoDi  do  any  real  harm  to  the  metal  or  even  to 
the  priming  ooat,  iinless.  perchance,  the  bridge  has  been  n«|^ected  to  the 
extent  of  actually  permitting  rusting  to  start 

Second,  Never  do  much  deaning  ahead  of  the  painting,,  because  a 
spell  of  bad  weather  may  come  on  and  last  so  long  that  such  ^Wti^pg  will 
have  to  be  repeated.  It  is  not  only  the  extra  expense  of  doing  the  «^Wtiit>g 
twice  which  is  uneconomic,  but  also  the  possible  injury  to  the  exposed  meM 
from  rusting  and  pitting. 

Third.  Ph>vide  large  and  safe  platforms  for  both  deaners  and  paintmL 
It  is  true  that  these  may  be  expensive  in  both  first-cost  and  handliiig,  but 
their  use  will  enable  the  workmen  to  do  a  much  greater  amount  of  work  per 
diem— and  better  work-— than  if  th^  were  not  effectively,  safdy,  and  eom- 
fortably  supported!  Again,  there  is  to  be  considered  the  reduced  danger 
to  the  lives  of  the  workmen;  and  as  a  killed  empk)yee  generally  costs  the 
company  $5,000,  and  an  injured  one  whatever  amount  he  can  persuade  the 
company  to  give  him  or  the  court  to  award,  it  is  certainly  economical  as 
weU  as  humanitarian  to  reduce  the  danger  to  a  minimimi. 

Fourth.  Give  the  first  field  coat  a  chance  to  dry  thorouc^y  before 
applying  the  next  one.  In  a  long  structure  or  a  large  one,  requiring  we^a 
to  okan  and  paint,  this  restriction  wiU  work  no  economic  hardship;  but 
in  a  short  bridge  it  will,  often  necessitating  the  moving  of  the  painting 
gang  to  another  structure  and  returning  later  to  apply  the  second  coat. 

Fifth.  Whsn  the  amount  of  cleaning  and  painting  is  large,  it  will  be 
economic  to  divide  the  gang  pennanently  into  groups  of  deanm  and 
painters;  but  when  the  bridges  are  small,  or  when  the  total  amount  of  work 
is  not  large,  all  the  workmen  should  be  trained  so  as  to  become  pioficieni 
in  both  of  these  kinds  of  labor. 

Factohb  that  Appbct  Rxsuuni  m  PAnmiro 

As  stated  by  Mr.  Houston  Lowe,  the  principal  factors  that  affect  resulta 
in  painting  arc  as  follows: 

•  . .  •  » 

.  .  1.  Location  of  the  structure,  for  example,  seaboard  or  inland. 
2.  Kind  and  condition  of  the  surface. 
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3.  Quality  of  the  paint  ancl  its  temperature. 

4.  Worknuinship  of  the  painter, 

5.  Number  of  coats  applied  and  their  sequence. 

6.  Time  allowed  to  elapse  between  eoats. 

7.  Atmospheric  coiulitions  whea  painting  is  done. 

By  giving  all  these  factors  due  consideration  when  handling  a  job  of 
bridge  painting,  and  by  striving  in  every  way  to  accommodate  the  work  in 
the  best  manner  possible  to  the  governing  conditions,  one  can  often  effect 
a  decided  economy. 

EooNOMiG  Obbbrtahonb  CoNCEBNiNa  Paintino  in  Genxbal 

The  price  of  paint  is  a  matter  which  seldom  neetls  nuich  consideration 
from  the  economic  standpoint,  unless  when  debating  on  the  choice  of  two 
or  three  kinds  of  nearly  ecjual  quality;  because  painting  is  so  much  more 
expensive  than  the  paint  itself  that  a  very  httle  extra  life  of  the  coatings 
will  out-weigh  in  economic  importance  a  large  difference  in  the  cost  of  the 
material.  Generally,  one  should  determine  what  kinds  of  paint  would 
papobably  l)e  the  best  for  any  job,  then  pay  for  them  whatever  is  necessary, 
unless  it  should  occur  that  the  seller  is  extortionate  in  his  demands,  which 
IB  not  Hkely  to  be  the  case  when  dealing  with  firstF«lass  buflinesB  men. 

It  does  not  pay  to  dicker  about  the  price  of  paint,  because  the  manu- 
facturer is  accustomed  to  "cutting  his  coat  according  to  his  cloth."  The 
author  remembers  a  glaring  case  of  this  reprehensible  trick  thatoccimedin 
the  nineties.  He  had  been  yaing  veiy  Batisfaotorily  a  certain  magnetic- 
iron-oxide  paint  that  was  not  expensive,  and  recommended  it  to  a  contract- 
or-friend of  his  for  an  elevated  railroad  line.  Some  three  3rears  later  the 
paint  agent  dropped  into  the  author's  office  and  asked  him  to  specify  'the 
brand  in  question  for  a  large  piece  of  work  then  about  to  be  let.  The 
request  was  refused — much  to  the  surprise  of  the  agent,  who  exclaimed  '^ii 
not  our  paint  that  you  used  on  the  Blank  City  train-shed  giving  good  service 
after  four  years  of  use?  "  The  reply  was:  "  Yes;  but  how  about  the  con^ 
dition  of  your  paint  on  the  elevated  railroad  in  the  same  locality — is  it  not 
abeady  going  to  pieces  with  only  two  years'  service?  "  In  answer  to  this 
(question  the  agent  had  to  explain  that  the  Contractor  had  jewed  down  the 
price  and,  therefore,  the  paint  had  to  be  adulterated  in  order  to  meet  the 
cut.  Thereupon  the  author  refused  to  have  any  more  dealings  with  such  a 
dishonest  manufacturing  company,  and  never  again  adopted  the  said 
paint  on  any  of  his  metalwoik. 

A  layer  of  good  paint  ia  about  three  times  aa  tiiick  aa  a  layer  of  the  lin- 
seed  oil  in  which  it  ia  mixed,  and  the  increaae  in  thickneaa  cf  the  fonner  ia 
in  direct  proportion  to  the  fineneaa  of  the  pigment;  hence  it';ia  economic 
to  hove  the  said  {ugment  ground  aa  fine  aapoaaible,  for  it  iaafaetthat,  with 
the  aame  weigjbt  of  ofl  and  the  aame  weight  of  jngmeDt,  the  greater  the 
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Tolume  of  the  latter-^A,  the  finer  it  is  groondr-^be  mm  domiy  viB 
the  paint  dry  and  the  kmger  will  tt  endure. 

The  oonect  and  eeonomie  theoiy  of  meM  painting  is  that  tiie  paint 
need  for  the  priming  eoat  ihoald  be  of  a  piemyative  nature^  Le.,  of  such  a 
ehaiaoter  that  it  win  not  onlsr  poenee  tlie  power  of  inhibitiDg  the  eoiTDMon 
of  the  metal  but  also  that  of  abeolutdy  e«>luding  air  and  moiatore  there- 
from, and  that  the  other  ooats  Aoiild  be  of  a  proteetive  nature^  Lei,  that 
thqy  will  protect  the  priming  coat  from  the  dotetorioaB  action  of  rain,  aim- 
■bine,  and  all  other  deteriorating  agent& 

In  respect  to  the  diaraoter  of  the  pigmenta  for  the  finiiihing  ooata^  it  ia 
important  that  thqr  be  both  chemically  and  phyacaify  inert,  that  they  be 
ground  very  fine,  and  that  they  have  an  affinity^  for  lineeed  oiL  It  ia  a 
matter  of  minor  importanoe  whether  the  pigment  be  graphite,  lampblack, 
oharooal,  onde  of  iron,  or  what  not,  aa  far  aa  durability  is  eooocmed. 
Where  only  three  ooata  of  paint  are  to  be  used,  it  ia  often  advantafleoua  to' 
employ  for  the  middfe  one  a  direct  miiture  of  the  priming  and  the  fimrfiing 
painta. 

The  ehaiaeter  of  the  bruah  used  ia  an  important  element  In  painting; 
for  it  is  poedble  to  min  a  eoat  of  good  paint  by  applying  it  with  a  broad, 
thin,  flat  bnidL  Inatead,  the  paint  ahould  be  well  robbed  into  the  aorfaee 
with  a  stout,  full,  round,  bristle  brush.  "Lees  paint  and  more  painting" 
should  be  the  slogan  for  every  painter  who  desrea  to  do  good  work. 

A  temperature  of  about  70*  F.,  combined  with  an  atmosphere  free 
from  moisture,  makes  the  ideal  condition  for  both  the  applying  and  the 
drying  of  paint.  The  matter  of  humidity  is  of  even  greater  importance 
than  that  of  temperature;  because  nothing  retards  diying  more  than 
dampness  and  darkness. 

For  places  that  are  badly  ventilated,  where  sunshine  does  not  reach, 
and  that  are  damp  or  at  times  filled  with  steam  or  locomotive  gases,  it  is 
economic  to  use  a  si)ecial  kind  of  coating,  preferably  a  varnish  or  resin  paint 
80  composed  that  it  will  dry  ra])idly. 

This  (iissiTtation  on  paint  and  j)ainting  could  be  carried  on  almost  indef- 
initely; but,  if  it  were,  the  author  might  properly  be  open  to  criticism  for 
departing  from  his  subject  of  economics.  It  is  ]X)ssible  that,  even  as  it  is, 
some  of  the  readers  of  this  chapter  will  accuse  him  of  that  fault.  If  so,  he 
would  reply  that  an>'thing  which  treats  of  how  to  prolong  the  life  of  bridge 
paint  or  to  protect  the  metal  effectively  against  corrosion  is  directly  in  the 
line  of  true  economics. 

Summarizing  in  a  ver\'  few  words  all  that  has  been  said  herein  upon  the 
subject  of  "Economics  of  Metal  Protection,''  it  may  be  stated  that  it 
is  always  truly  economic  to  use  tlie  liest  protective  agencies  procurable, 
irresfx^ctive  of  their  cost,  and  to  spend  without  hesitation  all  the  money 
requisite  for  taking  the  very  best  of  care  of  the  metalwork  in  all  firsts-class 
railway  and  highway  bridges — or,  for  that  matter,  in  ai^  other  bridgee 
that  are.worth  saving  from  spoedy  destruction. 
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CHAPTER  ^Un 

EooNomcB  OF  WATEB-PROornra 

Tbb  eeopomiea  of  waAer-proofiDg  Bd&Moot  bridges  might  properly  be 
oomndered  in  tbe  ehapter  on  "Eoonoinks  of  Maintenanoe  and  Bepain," 
or  in  that  of  Economics  of  Metal  Ptoteetiim";  but  the  aut^ject  is  one  of 
SQch  importance  that  it  truly  merits  qiecial  treatment  in  an  independent 
chapter. 

Very  few  engineers  are  sufficiently  conversant  with  the  mterixroofing  of 
bridges  to  pennit  of  their  writing  authoritativdy  upon  the  subject  of  its 
eoonomicfl,  and  the  author's  experience  therein  certainly  has  not  been 
ver>'  e^ctensm;  hence  he  deems  himself  CKoeedingly  fortunate  in  having 
secured  thle  aid  of  Mr.  J.  B.  W.  Gardiner,  Preeident  of  Qaidiner  and  Lewis, 
Inc.,  of  New  York  City,  who  has  made  a  special  study  of  the  subject, 
extending  over  several  years,  and  who  has  very  kindly  prepared  for  him 
the  substance  of  the  following  dissertation: 

The  economics  of  water-proofing  means  this:  Is  or  is  not  water-proof- 
ing worth  while  financially?  does  the  effect  produced  or  the  protection 
afforded  the  structure  by  water-proofing  the  floor  justify  the  expenditure 
involved?  It  must  be  assumed  at  the  outset  that  the  same  care  has  been 
taken  with  the  water-proofing  as  is  taken  ordinarily  with  the  steel  or  other 
structural  material,  i.e.,  that  the  bridge  was  designed  to  be  water-proofed, 
that  a  eait'liil  selection  of  materials  was  made,  and  that  those  materials 
were  installed  by  nien  skilled  in  tluit  particular  trade,  or  at  least  were 
placed  under  careful  supervision.  These  conditions  are  no  more  stringent 
or  unreasonable  than  those  which  apply  to  the  design,  fabrication,  and 
placing  of  other  materials  that  go  into  the  structure.  The  initiatory  pre- 
sumption is,  therefore,  entirely  proper. 

Whether  water-proofing  as  applietl  to  bridge  floors  is  a  profitable  invest- 
ment depends  on  several  factors.   These  are: 

a.  The  proportionate  original  cost  of  the  water-proofed  bridge  as 

compared  with  the  total  cost  of  the  bridge  without  water- 
proofing. 

b.  The  prr)l>able  life  of  the  water-proofing  and  the  probabte  COSt  of 

its  renewal. 

c    Its  effect  on  the  life  of  the  structure  itself  and  on  tbe  cost  of 
maintenance  and  repairs. 
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The  original  cost  of  water-proofing  is  a  function  of  a  number  of  dilTereat 
factors.  The  cost  of  tho  material  itself  delivered  at  site,  that  of  the  dirwt 
labor  involved  in  placing  it,  the  cost  of  such  proviaioiis  as  are  made  for 
flashing  along  the  lines  of  termination  of  the  water-proofing,  the  cost  of 
the  protective  or  armor  coat,  the  additional  depth  of  flooring  and  the 
greater  strength  that  must  be  provided  in  steel  bridges  to  carr>'  the  dead 
load  of  the  water-i)roofing  and  its  protection,  and  the  accessibility  of  the 
site  of  the  work,  are  all  considerations  that  influence  the  solution  of  this 
question  of  economica  It  is  readily  seen  that  the  cost  of  water-proofing 
must  be  a  fundamentally  variable  factor,  as  well  as  one  which  fluctuates 
with  the  building-material  market.  Moreover,  the  cost  per  squaxe  foot  is 
usually  greater  in  the  case  of  steel  bridges  than  when  the  protection  is 
applied  to  concrete  viaducts;  because,  in  the  latter,  the  increase  in  the 
dead  load  does  not  materially  affect  the  design,  and  also  because  in  con- 
crete bridge  the  protection  coat  is  U8ua%  a  part  of  the  paving-floor  aystem 
(except  in  bridges  of  the  soUd-spandrd,  earth-fiUed  type),  and  hence 
involves  no  additional  cost.  At  present-day  prices,  however,  a  cost  of  40 
cents  per  square  foot  for  water-proofing  steel  bridges  or  35  otots  per  square 
foot  for  water-proofing  concrete  bridges  is  a  fair  average. 

The.relative  cost,  i.e.,  the  cost  of  the  water-proofing  as  compared  witii 
the  total  cost  of  the  structure,  is  also  variable.  In  the  case  of  unique  sted 
bridges,  such  as  the  Hell  Gate  Arch  or  the  Quebec  Cantilever  Bridge  over 
the  St.  Lawrence  River,  or  in  unusual  concrete  bridges,  such  as  the  Tunk- 
hannock  Creek  Viaduct  on  the  D.  L.  W.  R.  R.,  this  perpentage  cost  is 
abnommDy  low,  because  of  the  extremely  high  cost  of  tbose  structures  per 
square  focit  of  floor  area.  But  such  structures  as  those  are  so  unusual  that 
we  may  ignore  them  in  our  cost  considerations^  and  base  our  results  on  the 
more  common  types  of  bridge 

Data  gathered  from  several  eastern  railroads  show  that,  of  the  total 
cost  of  a  steel  bridge,  foiu-  per  cent  is  properly  chargeable  to  water-proofing. 
In  computing  this  figure  various  standard  types  of  bridges  were  considered 
Le.,  concrete-filled  trough^oors,  plate-girders  with  transverse  I-beam  floors, 
longitudinal  I-beam  floors  with  steel-plate,  and  deck-girder  bridges.  Cost 
data  were  also  gathered  for  different  periods— before,  during,  and  after  the 
war— and  the  results  were  averaged.  It  might  be  remarked  in  passing  that 
the  advance  in  water-proofing  costs  has  not  kept  pace  with  the  advance  in 
other  elements  of  construction.  For  example,  in  1914  the  steel  in  a  certain 
bridge  cost  $73  per  ton  erected  and  the  water-proofing  28  cents  per  square 
foot.  In  1917-1918  the  steel  in  a  bridge  of  exaetfy  the  same  type  cost  $143 
per  ton  erected,  while  the  water-proofing  cost  but  35}  cents  per  square  foot. 
Thus,  although  the  steel  increased  in  cost  ninety-sbc  per  cent,  the  watei^ 
proofing  increased  only  twenty-seven  per  cent.  When  it  is  stated,  there- 
fore,  that  the  cost  of  water-proc^ng  average  four  per  cent  of  the  cost 
of  the  structure,  we  are  taking  a  figure  which  is  really  extreme  and  which 
we  may  safely  assume  will  not  be  exceeded,  except  in  isolated  and  very 
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extreme  cases.  To  look  at  this  percentage  in  another  light,  the  interest 
on  the  cost  of  a  bridge  for  one  year  at  four  per  cent  will  pay  for  the  water- 
proofing. 

In  concrete  bridges  the  relation  between  water-proofing  costs  and  total 
costs  is  apparently  a  variable  with  wide  limits,  because  the  character  of  the 
pier-work  exercises  such  a  greiit  influence  on  the  latter  figure.  As  a  matter 
of  fact,  however,  for  certain  types  of  bridges  this  relation  is  surprisingly 
unifonn;  but  distinction  must  be  made  between  two  classes  of  concrete 
bridges,  in  order  to  arrive  at  the  proper  ratio.  This  is  because  of  the  cost 
of  the  protection  or  ann()r  coat  placed  on  the  water-proofing.  Such  pro- 
tection is  always  adoi)ted  for  concrete  railroad  bridges  of  whatever  type, 
and  for  earth-filled,  soUd-spandrel  highway-bridges.  These  two  then  may 
be  considered  together.  On  flat-slab  highway  l)ridges,  the  protection  coat 
is  frequently  omitted;  and,  if  used,  it  is  httle  more  than  a  grouting  course 
under  the  paving,  which  might  be  required  even  if  the  bridge  were  not 
water-proof  I'd.    This  type  of  bridge  constitutes  the  second  class. 

In  the  finst  class  the  cost  of  water-proofing  bears  about  the  same  relation 
to  the  total  cost  as  was  found  in  the  cas*'  of  steel  })ridges — i.e.,  an  average 
of  four  per  cent.  Isolated  cas(^s  w(Te  encountered  in  railroad  viaducta 
where  the  cost  of  water-proofing  ran  up  to  eight  per  cent;  but  this  WM 
exceptional,  the  usual  cost  being  well  under  five  per  rent. 

On  flat-slab  highway-bridges  remarkable  uniformity  in  relative  costs 
was  found.  Ninety  per  cent  of  the  cost  figures  which  were  analyzed  showed 
the  expense  of  water-proofing  to  be  between  one  and  a  half  and  two  per 
cent,  and  only  a  single  bridge  showed  a  greater  cost.  This  Inst  figure, 
therefore,  may  safely  l»e  taken  as  a  fair  average.  Thus  in  all  bridges, 
steel  or  concrete,  except  Hat -slab-floor  highway-bridges,  the  water-proofing 
cost  is  four  per  cent  of  the  total,  while  in  flat-alab-floor  structures  it  is  two 
per  cent  thereof. 

The  only  element  of  cost  which  has  not  been  considered  is  that  of  the 
interest  on  the  investment;  but  this  will  not  change  the  ratios  which  have 
already  been  arrived  at,  since  the  rate  of  increase  in  the  cost  of  water- 
proofing throuph  the  addition  of  interest  charges  is,  of  course,  identical  with 
the  rate  of  increase  in  the  value  of  what  the  water-proofing  is  to  protect^ 
benoe  this  element  of  cost  may  be  ignored 

Pbobablb  Lira  of  Wateb-pbooiing 

By  the  probable  life  of  water-proofing  is  meant,  of  course,  its  efifective 
life, — the  length  of  time  it  will  continue  to  exercise  its  water-excluding 
function.  If  a  bridge  has  been  properly  designed  with  respect  to  water- 
proofing details,  and  if  the  water-proofing  has  been  properly  placed  it  will 
fail,  if  at  all,  from  one  or  both  of  two  causes, — a  break  in  the  continuity  of 
the  water-proofing  envdope  by  rupture  or  otherwise,  and  the  deteriorat  ion 
of  the  water-proofing  material  itself  by  oxidation  or  rotting.  The  shook  of 
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impact  when  a  loooDiotave  first  passes  (m  a  brklge,  t^^ 
brakes  are  applied  while  it  is  on  the  straeture,  the  vibratimi  of  any  sted 
construction  caused  fay  the  nixmng  load,  the  deflection  and  reverse  bending 
on  continuoua^Min  steel-bridges,  the  changes  in  vohmie  incident  to  ftem- 
peratuie  variations— all  these  place  veiy  severe  but  indefinite  stresses  on 
the  water-proofing  blanket  At  the  same  time,  an  engineer,  knowing  these 
conditions,  can  selset  a  msteilal,  the  phyacal  properties  of  wluoli  will 
generally  meet  them.  Mateiisls  which  are  briUie  at  km  temperatures 
should  receive  scant  ooneideratiaii,  becsuae  ol  the  probability  of  their  being 
fractured  by  vibration  in  cold  weather.  Materials  which  are  very  soft  at 
high  temperatures  should  likewise  be  regarded  with  su^cion,  because  they 
cannot  be  held  on  vertical  or  steeply-inclined  surfaces.  Finally,  a  material 
should  be  selected  all  parts  of  which  are  flexible  and  elastic,  so  that  they 
will  yield  rather  than  break  under  the  conditions  mentioned.  To  put  it 
briefly,  the  water-proofing,  in  so  far  as  physical  requirements  are  concM^rnod, 
should  be  selected  on  the  basis  of  its  plasticity  or  flexibility  at  all  tenijM^  ra- 
tures  and  its  small  factor  of  suscpptibility  to  temperature  changes.  As  to 
the  deterioration  of  water-proofing,  that  is  almost  entirely  a  chemical 
matter.  The  exclusion  of  all  materials  that  are  affected  by  water,  whether 
or  not  the  water  earriea  acids  or  alkalies,  such  as  the  ligno-oelliilose  roni- 
pounds  (jute  or  burlap)  and  the  felts  in  which  tapioca  is  the  binding  medium 
(asbestos  felt),  the  non-employment  of  those  that  are  physically  unstable, 
such  as  most  of  the  artificially  compounded  asphalts  and  asphalts  contain- 
ing organic  matter,  and  the  selection  of  a  material  which  has  to  a  la  rise 
degree  been  pre-aged  or  pre-oxidized  will  assure  long  life  for  the  protection. 
Indeed,  water-proofing  materials  (asphaltic)  placed  in  2')(X)  B.C.  have 
lately  been  found  to  be  still  in  good  serviceable  condition.  A  tliscussion  of 
the  various  materials  sold  for  bridge  water-proofing  is  a  complicat^'d  one 
and  very  technical.  It  is  relevant  to  the  subject  of  this  chapter  only  in  so 
far  as  it  may  point  out  the  answer  to  the  questions  that  have  l)een  niisetl. 
It  is  sufl[icient  to  say,  however,  that  if  a  selection  of  materials  is  nincie  with 
regard  to  the  known  conditions  whi(;h  must  l>e  met,  rather  than  on  the 
basis  of  initial  cost,  a  life  of  at  least  25  years  may  reasonably  be  antici- 
pated, with  the  probability  that  this  fi{j;iire  will  be  greatly  increased. 

It  is  obvious  that,  if  water-proofing  a  l^ridge  tl(K)r  is  economically  wise, 
the  resultant  value  of  the  protection  afforded  to  the  structure  thereby  must 
exc(H'd  the  cost  thereof.  That  the  said  value  does  excee<l  the  cost  maj*  be  a 
difficult  proposition  to  establish  l)y  definite  figures.  As  far  as  is  known,  no 
data  exist  concerning  the  amount  of  the  damage  caused  by  lack  of  water- 
proofing. All  that  can  }>e  done  with  this  question  is  to  indicate  the  agents 
which  attack  brid^ic  floors  and  tlic  effect  of  water-proofing  in  warding  off 
such  attacks,  leaving  it  to  the  judjnnent  of  the  individual  to  decide  whether 
the  probabilities  in  the  case  justify  the  expense  which  water-proofii^ 
involves. 

For  convenience  in  treatment,  the  effect  of  water  on  steel  alone  will  be 
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oooadered  in  eonneotion  with  steel  bridgee,  the  effect  thereof  on  the  con- 
crete floor  of  floeh  BtincUues  being  ducoaed  in  eonnection  with  conerete 
Tiaduet&  The  primiuy  funetion  of  water-pioofiiig  on  steel  bridges  is  to 
fumiflh  protection  to  tboee  steel  monbers  which,  because  of  the  very  exist- 
ence of  the  solid  floor,  are  not  aceeseible  for  ordinaiy  maintenance.  Thegr 
cannot  be  painted  or  otherwise  guarded  from  moisture — as  they  are,  so 
must  they  remain.  On  railroad  structures  the  flow  of  water  to  the  drains  is 
aerioudbr  interfered  with  by  the  ballast,  which,  to  80 
to  hold  the  water  on  the  surface  of  the  concrete  floor.  The  said  concrete 
floor  may  thus  become  saturated,  because  of  the  moisture  being  held  for  a 
considerable  time  against  the  steel—an  ideal  condition  for  destructive  oar^ 
fOBum. 

Brine-drip  from  refrigerator  oars  is  a  singularly  active  corrosive  which 
is  a  cause  of  trouble  and  annoyance  to  bridge  engineers  eraywhere,  its 
effect  being  very  frequently  seen  on  the  top  flanges  of  stringers  and  floor 
beams,  where  it  is  extreme^  destructive.  Not  only  are  these  affected,  but 
also  in  half-through,  plate-girder  bridges  those  portions  of  tiie  webs  of  the 
gfaders  which  are  covered  by  the  concrete  are  also  subject  to  corrosion,  as 
the  joints  where  the  concrete  meets  the  steel  invariably  open  suflknentty  to 
allow  water  to  enter. 

It  is  unnecessary,  though,  to  dilate  further  on  the  action  of  either  atmos- 
pheric water  or  brine-drip  on  steel  The  facta  are  well  known  and  univer> 
sally  recognized,  and  it  is  conceded  that  many  bridges  have  been  seriously 
damaged  by  rust,  even  to  the  extent  of  having  to  be  replaced.  This  deteri- 
oration can  be  prevented  on  the  exposed  metal  by  painting;  but  the  only 
protection  that  can  be  given  to  those  members  which  are  not  exposed  is 
water-proofing.  The  actual  money  damage  resulting  from  failure  to  water- 
proof cannot,  for  lack  of  dependable  data,  be  definitely  stated.  Certain 
it  is,  however,  that,  if  a  steel  bridge  is  left  unpainted  long  enough,  the 
sectional  areas  of  the  metal  will  l)e  so  reduced  that  the  structure  will 
become  unfit  for  use  and  ready  for  the  scrap  heap.  And  if  this  is  true  of 
the  exposed  members  from  which  tlie  water  dries  out  quickly,  how  much 
more  true  is  it  of  those  memlxTS  which  are  subjected  to  a  greatly  aggra- 
vated condition!  At  just  what  period  inaccessible  and  unprotected  steel 
will  become  unsafe  no  one  can  Siiv;  but  the  fact  that  so  many  and  such 
important  members  cannot  be  inspected  so  as  to  detennine  their  condi- 
tion would  appear  to  impose  upon  an  engineer,  from  the  standpoints  of 
both  public  safety  and  economy  to  his  client,  the  duty  of  protecting  the 
metal  by  eflficient  water-proofing.  With  increasing  hve  loads,  it  is  all  the 
more  necessar>^  to  maintain  the  full  strcn^h  of  the  steelwork,  and  not  to 
allow  of  its  weakening  by  preventable  deterioration. 

From  the  foregoing  it  is  evident  that  water-proofing  is  a  necessity  for 
bridges  which  contain  structural  steel  embedded  in  the  concrete  of  the 
floor,  and  for  those  ha\ing  members  encased  in  concrete  or  gunite.  Failure 
to  follow  this  practise  haa  caused  lose  in  some  instances,  the  encased 
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membeni  being  fleriously  weakened,  and  the  enoasement  being  qalit  off  by 
Tiut.  It  is  not  so  important  when  the  oonorete  slab  merely  rests  on  the 
tops  of  the  stringere  without  encasing  them;  for  the  destructive  effeete 
are  then  limited  ahnost  entirely  to  the  slab  itself  and  to  the  tops  of  the 
stringer  flanges. 

The  questbn  as  to  whether  remforoed-ooncrete  viaduets  should  be 
water-proiofed  is  somewhat  more  complicated  than  tiiat  for  steel  bridges, 
owing  to  the  fact  that  there  is  not  the  same  concurrence  of  opinion  as  to 
the  injurious  effect  of  water  on  the  structure.  It  may  be  stated,  though, 
that  the  watei^proofing  of  concrete  viaducts  has  lately  become  a  common 
practice  with  the  raflroads  of  this  country  and  with  many  of  the  private 
consulting  engineers,  as  wdl  as  with  a  number  of  state,  county,  and  muni* 
cipal  officials.  Certainly,  those  engineers  who  include  water-proofing  in 
their  specifications  are  actuated  by  the  same  desire  to  produce  creditable 
work,  the  same  loyalty  to  the  interest  of  their  clients,  as  those  who  do 
not.  This  being  the  case,  on  what  theoiy  and  for  what  reasons  do  they 
consider  it  justifiable  to  make  this  addition  to  the  cost  of  the  structure? 
Just  why  sbsuld  a  reinforoed-concrete  viaduct  be  water^nroofed? 

:  That  there  is  virtue  in  water-proofing  a  flat  slab,  evra  thou|^  well 
pitched  for  drainage,  is  shown  by  the  experience  of  the  country  with  con- 
crete roads.  It  cannot  be  denied  that  such  roads,  weD  blanketed  with 
asphalt,  give  longer  and  better  service,  With  less  cracking  and  other  evi- 
dence of  disintegration,  than  those  not  so  blanketed.  While  this  is  partly 
due  to  the  fact  that  mechanical  wear  is  eliminated,  the  protection  of  the 
concrete  from  the  action  of  frost  and  freezing  water  is  an  important  factor. 
The»  drainage  problem  on  a  road  is  much  more  simple  than  that  on  a 
bridge  floor.  The  standard  width  of  road  is  generally  but  18',  so  that  the 
area  to  bo  drained  is  only  9'  wide — the  distance  from  the  cro^Ti  to  the 
curb.  The  areas  on  a  bridge  floor  are  generally  much  larger;  and  since 
the  water  must  be  conducted  to  small  down  spouts,  instead  of  to  an  open 
tn'nch.  as  is  the  case  with  a  road,  the  problem  in  bridgework  exists  in  a 
much  mure  a^^ravatcd  fonn.  If,  therefore,  it  is  found  that  wat^^r-proofing 
a  concrete  road  by  means  of  an  im]iervious  blanket  of  asphalt  protects  the 
road,  prevents  its  disintegration,  and  i)rolongs  its  life,  how  much  more 
urgent  is  the  need  for  water-proofing  a  bridge  floor? 

A  brief  analysis  of  the  more  important  of  the  disintegrating  efTeets  of 
water  penetrations  on  concrete  will  serve  to  bring  out  the  reasons  why 
from  an  economic  standpoint — i.e.,  from  the  standpoint  of  preservation 
and  consequent  reduction  in  both  annual-replacement  reserves  and  main- 
tenance charfTtfs, — the  water-]iroofing  of  concrete  bridges  is  jjrofitable. 

Water  is  a  universal  solvent,  afT(M'tinij.  of  ('(iuis<\  some  materials  more 
than  others.  There  is  in  concrete  some  soluble  matter;  and,  if  water  be 
pennitted  to  pass  completely  through,  such  soluble  matter  is  gra<lually 
removed  by  a  leaching  process.  This  is  shown  by  the  fact  that  water, 
after  it  has  passed  through  concrete*,  will  invariably  give  alkaline  reaction. 
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fndMwfting  that  it  has  eairied  away  aome  of  the  lime  or  other  alkali  content 
of  the  cement.  Coupled  with  thk  is  an  eroaiye  action  which,  while  slight, 
is  nevertheless  present.  Partieulariy  are  both  sotvent  and  erosive  aetioiis 
aggressive  atths  eonstruetioii  toints»  as  is  evidenced  by  the  esorescenoe  of 
magnesia  and  other  salts  on  the  under  surface  at  tlnse  places.  This  is 
because  at  the  joints  there  is  almost  slways  found  a  film  or  deposit  oi 
laitanee,  which  is  loose  in  texture,  non-coherent,  chalky,  and  very  porous. 
Water,  if  allowed  to  pass  through  the  concrete  at  the  said  joints,  will  both 
leach  and  erode  the  joint  walls  very  rapidly,  thus  exposing  the  reinforcing 
steel  to  the  air  with  consequent  corrosion,  and  opening  the  way  in  temper- 
ate and  cold  climates  to  the  disruptive  effect  of  frost.  The  result  of  these 
combined  actions  on  concrete  is  certainly  the  weakening  of  the  structure,  as 
well  us  the  making  ready  for  further  and  more  drastic  effects  of  water  dis- 
integration. ' 

In  climates  where  freezing  tniipiMatun's  prevail  in  winter,  there  are 
peculiarly  forceful  reasons  for  water-proofing  bridge  floors.  The  dis- 
ruptive force  of  freezing  water  is  one  of  the  most  destrvutive  agencies 
opi;rating  against  masonry  of  whatever  nature,  whether  its  mass  be  mainly 
natural  or  artificial.  It  is  particularly  hannful  where  the  masonry  con- 
tains cracks,  however  small  or  shallow  they  may  be,  into  which  wat(T  can 
jx;netrate  freely.  This  again  has  a  most  direct  bearing  on  concrete  bridge 
floors.  In  common  with  most  fiat-slab  constructions,  wh(»ther  the  slab 
rest  on  arches  or  beams,  l)ri(lge  floors  are  almo.st  certain  to  develop  cracks. 
They  may  be  meri'ly  shrinkage  cnicks  incident  to  the  setting  of  the  con- 
crete, and  hence  more  or  less  superficial,  or  they  may  be  expansion  cracks 
extending  through  the  full  depth  of  the  slab;  but  the  ultimate  results  will 
be  ])ractically  the  siune.  If  only  surface  cracks  exist,  these  will  fill  with 
water,  which,  on  freezing,  will  break  down  the  surrounding  walls,  causing 
the  concrete  to  s])all.  It  will  thus  be  weakened  along  tlie  line  of  the  crack, 
which  must  inevital>ly  l)e  dccpcTHHl  with  eacii  rejH^ition  of  the  process,  until 
the  injur>'  has  ext<'nded  through  the  entire  thickness  of  the  slab.  Further- 
more, since  the  concrete  has  been  weakened  along  this  line,  any  unusual 
stresst^s  incident  to  expansion,  or  other  force,  are  apt  to  split  the  slab  at  the 
weakened  st^ctijn. 

Where  the  crack  extends  completely  through  the  slab,  the  action  is  still 
more  st^ious.  In  such  a  case,  the  same  frost  action  may  force  the  walls  of 
the  crack  apart  a  material  distance,  exposing  the  reinforcing  metal  to  unin- 
rupted  and  unavoidable  corrosion,  thus  weakening  th(>  entire  stnicture. 
If  electricity  be  ]ircs<  nt,  tlie  condition  will  be  aggravated  by  electrolysis, 
which  will  not  only  accelerate  the  corrosicn  of  the  steel  but  also  will  soften 
the  concrete,  providing  it  l>e  moist  or  wet.  (See  Tech.  Paper,  No.  19, 
U.  S.  Bureau  of  Stantlards.)  If  electrolytic  action  does  occur,  the  concret^v 
is  certain  to  b(»  split  away  from  the  reinforcing  material  l)y  the  mechanical 
pressuH'  of  the  fonning  ru.st  scale,  which  pressure  has  been  recorded  as  high 
as  4,700  pounds  to  the  square  inch.  .-  • 
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Ae  provoeetivc  of  cracks  in  eoncrete,  the  effect  of  moiatoie^ianges 
merits  attentioiL  IthaabeenluUy  demonetrntedfaymiemoe^ 
eoodneted  tests  that  oonerate  esqisiidB  in  volume  on  becoming  wet.  This 
fact  may  well  produce  cross  stiessBS  in  the  dah»  whieh  will  lesnH  in  the 
cnuddng  of  the  surCsoe.  If,  for  erample,  we  have  a  floor  dab  10  inches 
thiek,  and  if  sttflkient  water  ftik  upon  it  to  wet  H  to  a  depth  of  two  inches* 
the  upper  two  inches  wiU  have  a  tendency  to  swdl  or  expand,  while  the 
lower  8  inches  will  ranain  fixed.  Along  the  planes  sepaiatiog  these  tmo^ 
thsref ore,  there  will  be  prodneed  a  stress  iriUch  no  smoimt  of  provirion 
could  guard  against.  Should  this  crose  stress  produce  surface  fissores  or 
eiaok8»  the  way  is  opened  for  the  ultiinate  diontegration  which  has  been 
mentioned. 

On  this  point,  Hod  A  Jdmson,  in  their  "Concrete  Eogineefs'  Hand 
Book"  made  the  following  statement: 

"The  expaoflion  and  contraction  of  mortars  and  concretes,  subjected  to  variations 
of  tempentuie  and  moirturs  comltlSnBi,  an  retponHble  far  pimetki%  all  failm  of 
tiwwiaatgrislimidareondilionsof  Mposuwt^  EStiMrtoupcfatandfeeli 
or  muiiturB  efferts  may  be  alone  operative,  or  both  cfTaets  Day  be  cnmlwtifidi  .  •  .  bi 

the  average  situation  the  introduction  of  dani^erous  stresses  caused  by  a  tendency  to 
expand  or  contract  is  more  apt  to  be  due  to  moisture  rhanjjos  than  to  tea^>eimUlVt 
ohanges,  because  the  volumetric  variations  in  the  latter  cases  are  leas  marked." 

There  is  stiU  another  factor  entering  into  the  sufajeet»  to  which  engi^ 
generally  are  not  inclined  to  pay  sufBdent  consideration,  laigs^  because 
it  is  one  which  is  not  directly  or  immediately  measurable  in  dollars  and 
cents,  vii.,  the  matter  of  i^n^earsnce. 

There  Is  no  eoncrete  structure  which  is  designed  for  a  greater  degree  of 
pennanenpy  than  a  leinf oroed-conerete  viaduct  It  is  almost  invariably 
an  important,  indeed  a  vital,  link  in  a  railway  or  a  national  or  state  hi|^ 
way,  the  line  of  which  does  not  change  in  a  generation;  and  it  is  usually 
designed  to  carr>'  many  times  the  load  which  present  conditions  render 
requisite,  thus  making  improbable  the  neoesaty  for  renewal  by  reason  of 
changes  in  transportation  methods.  It  stands,  therefore,  throu^  many 
years  a  monument  to  the  man  who  designed  it,  as  wdl  as  an  indication  of 
the  progressive  spirit  of  the  community;  consequently,  both  from  the  stand- 
point of  the  designing  engineer  and  from  that  of  the  community,  every 
reasonable  precaution  should  be  taken  to  preserve  the  appearsnoe  of  vdiat  * 
is  naturally  a  beautiful  structure. 

n  water  is  permitted  to  flow  freely  throuc^  a  bridge  floor,  the  result  win 
invariably  be  the  excrescence  of  magneria  and  other  sslts,  which  appear  on 
the  surface  in  the  form  of  a  white  "bloom.''  This  is  particularly  in  evi- 
dence at  the  construction  joints,  and  notably  at  the  joints  between  suc- 
cessive arch  ribs.  Nothing  is  more  di8figui  iiig  to  a  concrete  bridge,  nothing 
is  more  indicative  of  careless  or  incomplete  work,  than  the  discoloration  of 
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a  structure  due  to  thr  jiction  of  water.  It  is  readily  guarded  against  at 
small  cost;  hene(\  foi  aesthetic  as  well  as  ptreservative  reasosis,  water- 
proofing is  well  worth  while. 

This  consideration,  apparently  purely  resthetic,  has,  paradoxical  as  it 
may  seem,  a  distinct  place  in  a  discussion  of  the  economics  of  bridge  water- 
proofing. Cities  and  towns  are  in  constant  competition  with  each  other 
for  new  industries.  Large  sums  of  money  are  spent  annually  by  these 
municipalities  or  their  Boards  of  Trade  in  advertising  their  advantages  as 
loci  for  manufacturing  enterprises.  Visible  evidences  of  a  spirit  of  progress 
in  the  communityi  obvious  care  ia  attention  to  details  of  appearances  of 
public  structures,  are  impressive  and  cannot  fail  to  attract  the  notice  of 
prospective  resident  s.  This  makes  for  the  wealth  and  pragreaa  of  all  eon- 
cemed.  When  a  visitor's  first  impranioii  of  a  faty  is  produced  by  seeing 
what  should  be  a  beautiful  monumental  construction  covered  with  the 
disfiguring  surface-blemishes  which  water-penetration  produces,  he  is  apt 
to  turn  to  a  competitor  whose  neglect  of  detail  is  not  so  marked;  for  to  the 
layman — this  term  being  used  to  differentiate  from  the  engineer— sueh 
blemishes  mean  more  than  mere  surface  disfiguration,  because  they  convey 
the  impression  of  general  disintegration  and  eventual  failure,  and  reflect 
unfavorably  upon  the  community  or  the  owner  of  the  structure. 

It  is  not  contended  that  the  neglect  to  water-proof  a  concrete  bridge 
will  always  result  in  its  ultimate  destruction.  Many  bridges  which  are 
not  water-proofed  are  still  intact;  few  have  completely  failed.  But 
water-proofing  certainly  does  provide  a  measure  of  protection.  It  is,  in 
fact,  a  form  of  insurance.  The  cost  is  small — not  more  than  two  per  cent 
ol  the  total — so  that  if  it  extends  the  life  of  a  bridge  only  a  year  or  two,  it  is 
worth  while,  since  the  prolonged  use  of  the  structure  is  almoet  always  of 
greater  value  than  the  extra  cost  plus  compound  interest  thereon.  When, 
however,  the  protection  afforded  is  not  merely  for  a  year  or  two,  but  for 
a  great  many  years,  the  life  of  the  water-proofing  being  the  only  limit, 
and  even  that  being  capable  of  extension  by  renewals,  it  is  obvious  that  the 
additional  oost  incident  tbereto  is  a  wise  investment. 


Although,  of  kte  years,  the  author  has  been  specifying  the  addition  of  a 
man  percentage  itf  hydrated  lime  to  the  cement  used  for  making  concrete 
in  Mlgework,  with  the  dual  purpose  in  view  of  increasing  fluidity  and 
reducing  porosity,  he  has  not  called  for  blanket  water-proofing  and  flash- 
ing, excepting  where  there  was  special  reason  for  preventing  drip;  but,  . 
becAUse  of  the  convincing  character  of  the  ineceding  dissertation,  he  has 
decided  that  in  future,  if  his  clients  can  be  persuaded  to  stand  for  the 
additional  expense,  he  will  adopt  eveiy  available  effective  means  in  order 
to  water^noof  his  structures  thorougihly. 

Since  the  preceding  was  written,  the  author's  attention  has  been  called 
to  an  important  paper  delivered  to  the  Brooklyn  Engineers'  dub  in  May, 
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1916,  by  Mr.  AllxTt  H.  Rhctt,  V.  E.,  ciititUMl  "The  Water- Proofing  of 
Structures  Subject  to  Stress  from  Moving  Loads  and  TeniiK'rature  Varia- 
tions." In  it  Mr.  Hhett  fiives  a  short,  chn)nologieal  record  of  the  various 
unsuccessful  endeavors  to  produce  an  effective  water-proofing  for  bridge 
floors,  leading  up  to  a  successful  one  of  his  own.  In  concluding  his  inter- 
estiDg  and  valuable  memoir  he  makes  the  following  statement: 

To  recapitulate,  then :  The  theor>'  evolved,  and  whidi  H  was  attempted  to  pnm, 

is  that,  if  a  structuro  Hubjert  to  niovinfj  lo:i<l  :iiul  tompomtiiro  variation  is  to  h*'  wator- 
prtKjfoti,  it  ran  i><*  clTcctrd  only  throu(;h  the  medium  of  a  membrane,  incxtrporated  in  the 
floor,  whirii  fulfills  these  two  conditions: 

(1)  Tho  compound  olomcnt  of  this  membrane  must,  of  neoesaiiy,  be  the  eventual 

factor  u|M)n  which  reliance  is  to  be  placed. 

(2)  The  compound,  to  fulfill  its  true  function,  must  remain  >vater-prr>of,  noo- 

hardenini^  elastic,  coherent,  and  adherent  at  low  temix:raturcs  as  well 
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CHAPTER  XLIV 

ECONOMICS  OF  MILITARY  BRIDOINa 

FOREWORD 

By  Major  General  LANSiNa  H.  Bbach,  Chief  of  Engineen,  U.  8.  Army. 

The  work  of  our  Engineers  in  France  during  the  World  War  was  mme- 
thing  (jf  which  the  whole  American  peo})le  have  good  reason  to  be  proud. 
In  this  work  the  members  of  the  engineering  ])rofeRsion  showed  their 
great  versatility  and  their  ability  to  attack  successfully  problems  previously 
unknown  to  those  without  military  training. 

There  were  many  things  to  l)e  learned  and  some  to  be  unlearned.  The 
Civil  Engineer,  in  general,  was  forcetl  to  revise  much  that  had  been  incul- 
cated in  hun  during  hisearhest  studies  in  engineering,  and  confinned  during 
the  course  of  his  professional  ])ra(  ti('e.  Possibly  the  most  important  new 
lessons  were  that,  in  a  military  construction,  time  is  of  more  importance 
than  any  other  feature  involved;  that  a  structure,  esj^ecially  a  bridge,  does 
not  have  to  be  of  uniform  strength  throughout,  but  that,  like  a  chain,  it 
win  answer  its  purpose  if  its  weakest  link  is  just  strong  enough  to  stand  the 
strain  which  will  be  put  upon  it;  that  architectural  beauty  for  its  own  sake 
has  no  place  in  field  operations;  and  that  pennanence  is  a  consideration  of 
such  slight  importance  that  frequently  it  does  not  enter  the  calculations 
at  all. 

The  apjK'araiicp  and  the  lack  of  strength  occasionally  gave  the  new 
officers  of  Engineers  a  sliock,  inducing  a  feeling  that  much  of  their  study  and 
practice  had  Iki'u  in  vain  and  that  nuich  of  their  i)revious  experience  could 
help  them  but  little  in  the  construction  of  emergency  bridges.  It  is,  how- 
ever, the  Engineer  best  trained  in  civil  practice  who  can  build  the  best 
emergency  st  ructure.  if  he  will  but  properly  evaluate  the  conditions  imposed 
by  mihtary  exigencies. 

The  Engineers  in  the  War  were  adaptable,  l)ut  we  are  all  the  results  of 
our  ('(lucation  and  training;  and  it  is,  therefore,  not  amiss  to  bring  to  the 
attention  of  the  memliers  of  the  profession  at  large  certain  principles 
which  they  may  learn  in  time  of  peace  and  be  prepared  to  apply  in  time  of 
war,  and  thus  avoid  having  to  acquire  this  knowledge  in  the  face  of  the 
enemy,  when  the  lives  of  thousands  of  their  fellow  citizen-soldiers  are  at 
stake.  Victory  and  defeat,  the  rise  and  the  fall  of  nations,  have  often, 
depended  upon  seeming  trifles.  It  is  conceivable  that  an  engineeriiig 
faflure  in  war  may  involve  the  extinction  of  a  state. 
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The  enunent  anthor  <tf  thk  book  has  made  a  pnloinMl  tilsady  of  tbe 
eoonomlcs  that  applsr  to  inaay  of  the  pro^^ 

called  upon  to  solye,  and  H  will  be  widely  lead  by  aU  eogiiieen  who  are 
detennined  to  be  in  the  foiefront  of  their  profearion.  It,  therefore,  aecma 
most  fitting  that  in  thia  book  there  should  appear  a  diapter  dealing  wi^ 
principles  which  must  apply  to  a  phase  of  the  wQik  of  the  IMtaiy  Ibgh^ 
.  wofk  which  aiqr  one  of  the  many  raadenniay  be  called  iipon  at  some  tiiM 
to  cany  on. 

Colonel  P.  8.  Bond,  Coips  of  Ebgineen,  U.  8.  Aimy,  was  seleeted  to 
prepare  this  chapter  because  of  his  intimate  knosdedge  of  the  subject, 
acqmred  by  stu^y  and  by  practice.  He  has  presented  it  deai|y  and 
logically,  pointing  out  the  essential  difiSerences  which  must  prefvail  betwwm 
•the  principles  that  govern  the  building  of  bridges,  aocoiding  as  they  are 
intended  for  miKtaiy  ure  or  to  serve  peaceful  purposes. 

He  has  stressed  particulai|y  the  all  important  time  element  in  war 
enterprises,  and  has  Aown  that  what  in  civil  prsctieemigM  be  wilful  waaU., 
in  war  may  be  the  greatest  of  aU  economic  measuns.  In  fact,  so  tre> 
mendous  is  the  cost  of  conducting  a  modern  war,  iib  hardly  too  mndi  to 
say  that  any  expenditure  of  money  or  of  material  which  will  shorten  its 
duratkm  is  easily  justified.  A  careful  reading  of  this  chapter  is,  thoreibn^ 
eameetly  recommended  to  all  of  there  to  whom  the  Army  must  kiok  for 
hrip  when  next  we  are  called  upon  to  take  up  anns  in  the  defense  of  our 
rights  and  the  rights  of  humanily. 


Economics  of  Miutaby  Bbidoing 

Streams  constitute  one  of  the  greatest  obstacles  to  miHtaiy  opwratinns^ 
and  bridge  building  is,  accordingly,  one  of  the  chief  duties  of  the  militaiy 
engineer. 

Fundamental  Eeonomica  €j  Military  Engintaing 

Military  br'.dgo  ongineoring  is  an  adaptation,  in  a  simple  and  frequently 
crude  ami  makeshift  form,  of  civil  practice  to  military  nee<ls.  The  funda- 
mental difference  Iwtween  civil  and  military  practice  is  in  their  economic 
a8fK»cts.  The  technical  details  of  military  bridges  are  characterized  by 
extreme  simplicity,  which  is  demanded  by  the  conditions  under  which  they 
must  be  built.  They  will  present  little  difficulty  to  the  engineer  having  a 
good  general  knowledge  of  civil  practice. 

But  the  successful  i)ractice  of  military  engineering,  including  bridging, 
demands  a  knowledge  of  the  economic  principles  which  arc  specially  af)pli- 
cable  to  warfar<\  Mistakes  in  economic  judgment  will  have  more  far- 
reaching  and  disjistrous  const'quciices  in  war  than  in  peace — there  will  !»e 
greater  opportunities  for  tremendouh  profits  or  ruinous  losses.   A  pracUcai 
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knowledge  of  eeonomic  principles  is,  acooidingly,  ci  greater  impartAiioe 
thaa  a  knowledge  ol  technical  deCaOa.  It  will,  theraf oire,  be  cf  interat  to 
eonader  theae  prindpleii  in  their  applieation  to  warfare. 

In  war  the  highest  economy  ia  victory,  and  the  greateat  waate  ia  defeat; 
eonaeqtie&tly,  anything  whieh  oontributea  to  victory  and  eradea  deieai  ia 
justifiabie,  however  great  ita  eoat  or  the  inddendd  waate  involved--Htf 
course  within  the  limits  of  reason  and  common  aenae.  A  free  and  rapid 
expenditure  of  available  resources  in  war  is  not  waste,  but  the  highest 
form  of  economy  when  it  contributea  to  early  victory.  The  march  of 
events  is  rapid  in  modem  war.  A  few  days,  even  a  few  hours,  have  decided 
the  issue  of  battle.  The  Commander  does  not  ask  his  Engineer,  ''How 
much  will  your  bridge  cost?  "  but,  "  How  soon  will  it  be  ready?  " 

In  civil  bridge  con.^t ruction  the  essential  requirement t«,  in  their  usual 
order  of  importance,  are.  initial  cost,  safety,  durability  or  permanence, 
time  required  for  construction,  and  apsthetics.  The  time  required  for 
construction  is  of  importance  chiefly  in  so  far  as  it  afilects  the  financial 
returns  on  the  investment.  A  considerable  time  spent  in  desi^^n  and  other 
preliminaries  to  construction,  and  on  the  work  itself,  will  usually  be  amply 
justified  by  a  material  saving  in  cost. 

ThiB  Time  FaOar  8viM;iiUiS^  ^  Cod  Fador 

In  military  oonatruction  aome  of  theae  deaiderata  entirely  diaappaary 
and  the  order  of  importance  of  othera  ia  reveraed.  In  partieular,  the  time 
of  oonatruction  beoomea  of  paramount  importance— the  time  factor  ia 
Bubatituted  for  the  coat  factor  aa  the  principal  oonaideration.  In  sharp 
contraat  to  dvilpractioey  we  find  that  any  ooat  will  bejuBtified,if  it  reauHa 
in  aaving  of  valuable  time  at  a  critical  juncture.  Aaaconaequenceof  thia^ 
the  construction  of  militaiy  bridges  ia  conducted  with  fevoiah  rapidity. 
The  higheat  achievement  of  the  military  bridge  builder  ia  a  atructure  juat 
aufficient  for  its  immediate  purpose,  erected  in  the  minimum  time,  without 
undue  regard  for  cost,  appearance,  or  durability.  Time  ia  always  the  chief 
— often  the  on^— conaderation;  deliQr  ia  ahraya  inadmiaeible;  and  auo- 
ceas  ia  the  only  criterion  by  which  the  ^f^****^  will  be  judged. 

In  civil  conatruction  time  ia  of  importance;  but  it  ia  seldom  neoeaaaiy 
to  sacrifice  coat,  safety,  and  all  other  conaideralkna  to  gain  time.  A  dday 
for  a  moderate  period  wiU  uaually  not  be  hurtful.  In  military  operations, 
on  the  contrary,  a  dday  of  a  few  days,  or  even  a  few  hours,  may  mean 
faflure  instead  of  sueoees.  A  similar  situation  aometimes  arises  in  civil 
bridge  practice,  as,  for  example,  when  it  is  neoeeaary  to  restore  traffic  on  an 
important  main-line  railroad  after  a  bridge  has  been  destroyed  by  fire  or 
flood.  In  such  a  situation  the  economics  are  similar  to  those  of  warfare; 
and  military  methods  of  procedure  would  there  be  appropriate. 

Tk0  FnndpU  o/  ''Ban  NecetaiiiM  Only  '* 

Militaiy  bridges  are  always  required  in  the  kaat  poaaible  time,  and 
there  will  very  often,  perhapa  uaualty,  be  a  dearth  of  building  material 
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It  iB,  aooordmiAsri  ^  fawtoimtol  eoononitc  prindple  of  militeiy  miBtiiie- 
tkm  that  tens  neceuUiM  alooB  flhoaU  be  provided  for.  An  engimwi  vho 
wastoB  Tahiable  time  and  material  oooalaiictiDg  a  bridge  wkb  enongii  and 
strong  enough  to  oany  heavy  motor  tnieka,  when  the  need  of  the  instant 
is  a  noqpte  fbot4iridge  over  wUeh  a  body  of  inlantiy  ma  paaaoliMcetoa 
oitioal  point  of  the  field,  has  manifeatly  failed  to  graq>  this  fandameBtal 
eoonomie  principle. 

Sqfety  and  Pernuumot 

♦ 

The  civil  engineer  "bnikia  for  poeterity." .  Whatever  the  type  of 
bridge  adopted,  it  is  uauaQy  oonatmeted  in  aa  endnring  a  hAkm  aa  the 
funds  available  and  the  material  ouployed  will  permit  The  useful  ife 
of  the  bridge  is  ordinarUy  a  nieasiire  of  the  skiU  of  its  builder. 

The  military  engineer  buiUs  to  meet  the  eadgenoy  of  the  moment 
He  is  bddng  in  sldU  if  he  eapends  time  in  order  that  his  bridge  may  CD^ 
unduly  long  beyond  the  period  it  is  needed,  ^riiieh  in  no  case  caBcccds  the 
tluraticm  of  the  war,  and  Is  often  limited  to  that  of  a  einf^  action.  The 
ihoroughnesi  of  hie  work  riiould  be  saffieient  unto  the  immediate  needs 
and  no  more  than  sufficient.  Nicety,  finish,  refinement,  ai^d  permanency, 
for  their  own  sake,  are  to  be  avoided.  The  military  bridge  should  ha¥e  no 
beauty  except  that  which  is  inherent  in  utilitarianism. 

In  civil  construction  great  weight  is  properly  given  to  the  factor  of 
safety  and  to  the  durability  or  permanence  of  the  structure.  In  militar>^ 
procedure  these  considerations  have  far  less  weight.  The  factor  of  safety 
need  seldom  be  as  great,  although  this  ydW  depend  to  some  extent  on  the  ' 
situation.  Where  a  military  force  is  oiitiroly  dopondcnt  on  a  single  line 
of  sup])ly,  the  bridges  on  this  line  should  have  a  factor  of  siifety  as  great 
or  m  arly  as  great,  as  would  be  employed  in  civil  practice.  But  orcliiuirily, 
in  (lie  conihat  zone  at  least,  the  sjiving  in  time  and  material  which  results 
from  using  a  factor  of  s;ifpty  of  2  instead  of  1  or  5  w  ill  more  than  compen-  i 
Siite  the  risk  involved  in  the  p>ossibl(>  collapse  of  structures.  The  risks 
attendant  upon  military  operations  are  so  numerous  and  so  great  that  the 
slight  additional  risk  of  a  small  factor  of  siifety  is  of  minor  significance. 

Permanence  is  of  negligible  importance  in  militar>'  construction,  '\nak&- 
nuich  as  the  stnictures  will  never  1k»  renpiircd  bej^ond  the  duration  of 
the  war,  and  frecjueiitly  for  much  shorter  i>eriods.  It  is  generally  jjood 
economy  fust  io  meet  the  exificiicy  of  the  moment,  and  later  to  repair, 
strengtli(>n,  or  even  rei)lace  the  structure,  should  this  be  necessjiry  by  reason 
of  continued  need.  The  time  for  which  any  military-  structure  will  be 
required  is  usually  short,  and  alwa}  s  uncertain,  so  that  it  is  not  good 
economy  to  look  too  far  into  the  future. 

Warfare  is  an  economic  art,  no  less  than  any  of  the  pursuits  of  p<^ace. 
In  war  we  have  a  mi.ssion  to  perfonn,  which  is  the  achievement  of  vietory: 
and  this  mission  should  be  accomplished  with  the  least  pos.sibh'  expenditure 
of  blood  treasure — in  other  words,  in  the  most  economical  fashion. 
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This  demands  that  victory  be  won  in  the  shortest  possible  time,  since  the 
cost  of  war  is  nearly  proportional  to  the  duration  of  the  conflict.  More- 
over, in  the  prosecution  of  the  conflict  itself,  victorj'  comes  to  the  com- 
batant who  can  most  ni]ii(ll>'  mass  his  rei?ources  of  men  and  materials  at 
the  critical  points.  It  is  for  these  reasons  that  time  is  so  important  an 
clement  in  all  mihtary  operations,  including  construction.  • 

Watte  md  JwHfiatie 

The  achievement  of  our  purpose  in  war  calls  for  a  rapid  exix^iiditure  of 
both  life  and  material.  It  is  the  duty  of  the  Commander,  however,  to 
expend  in  the  most  economical  luanner  possible  the  resources  which  the 
nation  by  painful  sacrifice  has  placed  at  his  disposal;  and  the  same  obhga- 
tion  rests  upon  all  his  subordinates.  But  great  expenditures  to  accom- 
plisli  great  results  are  not  wasteful. 

The  engineer  must  thoroughly  disabuse  his  mind  of  any  belief  that 
military'  necessity  ever  calls  for  or  justifies  waste  of  the  nation's  resources; 
but  he  must  not  allow  a  penny-wise  inclination  toward  economy  of  material 
or  money  to  cause  him  to  overlook  the  greater  neces'sity  for  economy  of 
time.  Material  should  be  freely  expended  to  save  time,  but  it  should 
never  be  wasted.  However  great  the  resources  of  the  nation,  tiicre  is 
always  a  deartli  of  construction  material  in  war,  due  not  alone  to  lack  of 
material  K)ut  ;dso  to  lack  of  transportation  facilities  for  dehvering  it  at  the 
places  where  it  is  required,  A  reckless  use  of  material  in  one  locality  may 
mean  the  failure  of  important  operations  in  some  other  jilace  where  the 
material  thus  wasted  is  needed.  A  small  skiving  of  mateiial  must  not  l)e 
made  at  the  expense  of  a  great  waste  of  time;  but  the  soldier  who  deliber- 
ately or  carelessly  wastes  any  useful  material  is  guilty  of  highly  unpatriotic, 
not  to  say  crimiaali  conduct. 

Classes  of  M ilitary  Bridges 

There  are  two  general  classes  of  military  bridges; 

(a)  Those  constructed  in  rear  of  the  battle  lines,  in  the  zone  o£  com- 
munications, not  in  the  immediate  presence  of  the  enemy. 

(6)  Those  constructed  at  the  front|  witiiin  the  combat  zone  or  the  area 
subject  to  hostile  fire  and  raids. 

Structures  of  the  first  class  are  erected  for  purjjost^sand  under  conditions 
approximating  those  of  civil  construction  in  time  of  peace.  The  need  for 
such  bridges  is  determined  mainly  from  strategical  considerations,  and  they 
seldom  have  any  intimate  relation  to  the  tactical  operations  of  the  com- 
batant forces.  As  compared  to  bridges  within  the  zone  of  tactical  activi- 
ties, they  are  usually  needed  for  s  relatively  long  period — ^fram  several 
months  to  the  duration  of  the  war.  Th  e  y  a  re  required  to  carrj'  heav>'  loads. 
They  may  be  constructed  by  non-combatant  troops,  by  hired  civilian  labor, 
or  even  by  contract.  Construction  plant,  similar  to  that  employed  in 
eivil  works,  will  be  utilised  whenever  it  is  available.  With  the  ezoeption 
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of  the  facts  that  they  are  leas  pennanent  in  their  nature,  and  that  no  oon- 
rideiBtion  is  gEVon  to  the  i^peannoe  of  the  finiahed  atroeturea^  tlMaa 
brid^Ba  are  bdh  in  aoooidanoe  wHh  the  reoogniBed  inlea  of  good  cnrfl 
ptaetioe. 

Stnieturaa  of  the  aeoond  daasy  thoae  at  the  fronts  are  erected  to  meet  the 
immediate  tactical  requiremeota  of  the  combatant  foroea.  Hwy  are  van- 
aUy  in  the  f onn  of  haaly  makeahifte  of  a  crude  cfaaiaeter,  and  are  built  by 
oombatant  troopa  in  aoooidanoe  with  the  eoonomio  piinciplea  of  wazCare 
heretofore  enunciated* 

There  are  no  aharp  Knee  of  demaroatkm  between  civil  practioe  and  miK- 
taiy  bridges  of  the  fifit  obaa,  nor  between  military  bridges  on  the  lines  of 
oommunieation  and  thoae  at  the  battle  fiont.  MiUtaiy  **«"«"'"^«*ft  are 
occasionally  applicable  to  oivii  piaetice,  and  iriee  wml 

Typea  €f  MHikary  Bridgea 

The  particular  type  of  bridge  to  be  employed  in  any  situation  depends  on 
the  nature  of  the  stream — ^ita  width,  depth,  swiftness  of  current,  and 
liability  to  flood;  the  character  of  the  approaches;  the  labor,  plant,  and 
materials  available;  and  the  loads  to  be  carried.  Every  type  of  bridge 
known  to  civil  practice  has  been  employed  for  military  purposes,  including 
pile  and  framed  trestles,  and  cantilever,  truss,  girder,  suspension,  floating, 
and  arch  bridges.  The  last  mentioned,  either  of  steel  or  masonrs'.  are 
very  rarely  used,  and  only  on  the  hnes  of  communication.  Military-  bridges 
are,  in  general,  crude,  impermanent,  and  makesliift  forms  of  their  civil 
prototypes. 

Any  bridge  for  which  the  erection  requires  a  long  time  and  an  elalK)nite 
and  heavy  plant  will  usually  he  avoided  in  military  j)nictic(»,  and  is  out  of 
the  question  for  any  tactical  purix)se.  The  considerations  calling  for  such 
bridges  in  civil  practice  will  usually  have  much  less  weight  in  time  of  war. 
For  example,  a  long-span-truss  or  cantilever  bridge  may  be  adopted  in 
order  to  avoid  the  expense  of  ver\'  deep  foundations,  to  evade  danger  from 
floods,  or  to  meet  the  requirements  of  navigation.  Deep  foundations  are 
out  of  the  question  in  emergency  military  bridging,  and  are  evaded  by  the 
use  of  the  floating  equipage,  by  portable  (s<'ctional)  trusses,  by  long-span 
susjH'nsion-bridges  for  verj'  light  loads,  or  by  ferries  for  occa.sional  traffic 
too  heavy  for  the  bridges.  Danger  from  flood  is  avoided  in  a  similar  man- 
ner; but,  as  the  period  for  which  a  mihtar>'  bridge  will  W  required  is 
always  relatively  short,  it  will  frequently  be  better  to  nm  the  reflueed  risk 
of  Hood  damage,  rather  than  spend  much  time  in  guarding  again.'^t  it.  If 
the  flood  risk  be  really  great  and  imminent,  it  is  best  avoided  l)y  u.sing  the 
floating  equipage,  unless  a  clear  span  of  moderate  length  will  meet  the 
situation.  In  war  the  riphts  of  civil  navigation  must  give  way  to  militar>'' 
necesvsity.  Militiirv  traffic,  both  over  the  bridge  and  along  the  stream, 
may  l)e  regulatc(i  so  ;is  to  inti-rfcre  with  each  other  as  little  as  possible,  draw 
spans  being  provided,  if  necessary,  for  the  passage  of  vessels. 
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The  Typical  Military  Bridge 

The  typical  military  bridgef  therefore,  since  it  roust  be  erected  in  a 
short  time  and  without  elaborate  plant,  will  be  characterifed,  as  a  rule,  by 
ohallow  foundations,  by  a  relative^  laige  number  of  piers  or  supports  with 
coneflpondini^  short  spans,  and  by  structural  members  of  small  aise,  light 
wei^t,  and  great  simpticity.  If  we  add  that  timber  is  the  material  most 
firaquently  employed,  this  delineation  of  the  typical  militaiy  stmeture  viU 
be  recognised  as  a  description  of  the  short  span,  temed-trestle-and-stringer, 
timber  bridge;  and,  in  fact,  this  is  the  type  emplc^yed  in  the  majority  of 
eases  in  militaiy  practioe.  If  we  now  pormit  the  occasional  use  of  pile 
trestles  instead  of  framed  trestles,  I-beams  in  place  of  wooden  striiigmb 
and  simple  wooden  or  secdonal  steel  tmsees  for  greater  ipans,  and  ini&ide 
the  standard  floating  equipage,  we  shall  have  enabled  the  militaiy  bridge 
buHder  to  meet  nmHiy  eJl  situations  with  which  he  will  be  oonfronted. 

Some  of  the  economic  features  of  the  more  usual  types  of  militaiy 
bridges  win  now  be  considered. 

Framed  TtmUm 

The  framed  trestle  requires  no  plant,  other  than  simple  taeUe,  for  its 
erecti<m.  It  is  readily  constructed  from  a  great  variety  of  materials,  and 
by  unaldlled  labor;  and  it  meets  the  majority  of  emergenqr  situati<»is. 
'Hie  framed  trestle,  as  we  have  seen,  is  accordingly  the  favorite  type  of 
support  m  hasty  militaiy  bridging  in  the  combat  aone.  The  usual  foim  of 
bent  is  the  simple,  one-plane  type  with  cap,  sill,  two  or  more  posts  or  legs, 
and  diagonal  sway-bracing. 

The  trestle  will  be  stiffer  against  lateral  stresses,  if  the  outer  jioets  be 
inclined  or  battered;  but  with  unakiOed  labor  it  is  easier  to  make  all  the 
posts  vertical  If  pieces  of  sufficient  length  are  available,  the  stlfliiess 
may  be  greatly  increased  by  extending  both  the  cap  and  the  sill  a  foot  or 
more  beyond  the  outer  posts  and  attaching  the  sway  braces  to  the  ends  of 
the  cap  and  eiU  as  wdl  as  to  each  post. 

If  the  depth  of  water  is  such  that  the  trestles  tend  to  float  up,  the  bot- 
toms of  the  posts  may  be  booted  in  and  the  compartments  filled  with  stone. 

If  the  river  bottom  be  of  low  bearing  power,  a  sill  of  greater  width  than 
that  of  the  posts  may  be  employed.  The  bearing  power  of  the  bottom 
may  be  increased  by  brush  mattresses  or  fascines,  wooden  mud-sOls  (where 
the  water  is  shallow),  or  rip-rap.  It  is  usually  well  worth  while  to  resort 
to  such  measures,  in  order  to  avoid  the  use  of  pika 

Seonomie  Span  qf  Tredle$ 

The  proper  economic  span  of  ]»le  or  framed  trestles  is  determined  by 
bakncmg  the  time  and  material  required  for  the  bents  against  that  required 
for  the  stringers.  The  problem  cannot  be  solved  with  mathematical  pre- 
cision* It  depends  upon  the  heiglit  of  the  trestles,  the  difficulty  of  placing 
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the  l)onts,  the  load  to  be  carried,  the  materials  available  which  are  suitable 
for  bents  or  stringers,  respectively,  etc.  Crookecl  stringers  are  an  unmiti- 
gated nuisance;  and  in  a  hasty  bridge,  when  only  a  scrubby  growth  of 
timber  is  available,  it  may  Ix-  impossible  to  secure  reas<)nal)ly  stmight 
pieces,  except  in  veiy  short  lengths.  In  such  a  case  the  spans  n)ust  l)e 
short.  On  the  other  hand,  if  l)ents  nuist  l)e  l)uilt  of  round  timber,  and  if 
good  dimensioned  material  is  available  for  stringers,  the  number  of  trestle 
bents  may  be  rechiced  and  the  span-length  increa.sed.  If  tlie  loads  to  be 
carried  are  moderate,  lontjer  s])ans  will,  of  cours<».  be  permis.^il)le.  The 
engineer  must  scan  the  situation  and  come  to  a  decision  bailed  on  his  experi- 
ence and  connnon  sense. 

However,  it  is'possible  to  state  the  usual  limits  of  good  practice.  Under 
average  conditions  the  proper  economic  span  of  hasty,  mihtarj'  trestle- 
bridges  is  from  10  to  15  ft.,  averaging  about  12  ft.  For  heavy  standard 
bridges,  designed  to  carr\'  the  greatest  loa<ls  of  the  army,  the  maximum 
practicable  span,  when  wooden  stringers  are  employed,  is  16  ft.,  \vliich 
length  re(juir(\s  l(j-inch  stringers.  If  I-)>eams  be  employtxl,  this  sjmn  may 
be  increase*!  to  22  ft.  For  any  length  over  this,  either  struttetl  In^ams  or 
some  form  of  truss  shoidd  l)e  adopted.  When  very  tall  trestles  are  required, 
it  will  oftiMi  be  guod  economy  to  increase  the  span  by  using  simple  trusses, 
or  by  strutting. 

In  practice,  the  numlxT  of  bents  and  llie  span  of  trestles  are  frequently 
determined  by  the  material  actually  available  for  stringers.  These  must  \)e 
able  to  ("irry  the  re(}uired  loads;  and,  whenever  po.ssible.  they  are  furnislied 
in  stanihird  sizes  and  lengths  for  this  pur))ose.  Wliere  the  material  for 
stringers  has  been  cut  to  a  given  length,  tlic  span  of  the  trestles  is,  of  course, 
therein-  hxed. 

For  uKxlerate  loads,  tall  trestles  may  be  built  in  .single  stories,  if  material 
of  suitable  length  is  available.  For  the  standard  heavy  trestles  the  follow- 
ing rules  have  been  adopU^d: 

Up  to  16  ft.,  one-stor>'  Ix^nts  with  one-stoiy  bracing. 

From  16  to  24  ft.,  one-story  bents  with  two-story  braciog. 

Over  24  ft.,  two  or  more  stories. 

The  need  fcr  longitudinal  bracing  between  bents  depends  on  the  height, 
the  span,  and  the  nature  of  the  traffic.  If  the  height  of  the  trestle  exceeds 
7  ft.  and  the  span  is  greater  than  10  ft.,  longitudinal  bracing  should  be 
:plaoed  in  each  alternate  bay.  For  considerable  heights  it  is  well  to  brace 
all  bays,  if  practicable.  In  multiple-stpry  bents  each  story  should  be 
separately  braced* 

Spar-Bridges 

The  term  spar-bridge  is  a  general  designation  for  a  militaiy  structure  of 
rough  (round)  timber.  Such  bridges  are  built  from  necessity  when  better 
material  is  not  available.  They  will  continue,  as  in  the  past,  to  be  a 
characteristic  type  in  the  operations  of  relatively  small  and  poorly  equiiqped 
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forrc  s.  ospcrially  in  iparsely  settled  couutries  under  bad  conditions  as  to 

trans]K)rtatioii. 

Bocauso  of  lack  of  other  fastcninjr  materials,  spar-bridges  are  often 
asvsemblod  by  lashing  the  trestles.  In  such  cases  it  is  impossible  to  use 
"rider"  sills  and  caps,  placed  on  the  tops  and  bottoms  of  the  posts;  hence 
"ledgers,"  attached  a  short  distance  below  the  tops  and  above  the  l)ottom8 
of  the  posts,  are  employed.  Stringers  are  also  lashed,  and  decking  is 
secured  by  means  of  side-rails  placed  over  and  lashed  down  to  the  outer 
stringers.  The  term  "spar-bridge"  is  generally  used  to  describe  such  a 
characteristicuiUy  military  structure.  Whenever  possible,  however,  even 
bridges  of  round  timber  should  be  roughly  framed,  have  rider  caps  and  siUsy 
and  be  fastened  with  bolts,  spikes,  or  dogs. 

A  special  form  of  spar-bridge,  known  as  the  lock-epar,  is  a  structure  in 
which  the  trestle  bents  are  tilted  towards  each  other  anrl  locked  together 
or  to  a  frame  placed  between  two  bents  (double  lock).  These  are  of  vety 
MmipiA  application,  but  may  occasionally  be  used  to  advantage  in  qMiuyiig 
a  deep  gorge.  With  the  double  lock  the  bridge  Is  piBctioable  in  tpoDB  up 
to  50  ft.  for  moderate  loads. 

Spar-bridges,  especially  when  lashed,  if  of  necessity  employed  in  the 
first  instance  for  a  hasty  crossing,  should  be  replaced  promptly  by  a  better 
t^fpe  of  bridge,  as  th^  are  umnitable  for  continued  heavy  traffic. 

Pile  Trestles 

Framed  bents,  as  they  are  so  easily  ereoted  without  plant,  will  be  gen- 
erally employed  when  the  bottom  is  firm  enough  to  support  them,  and' 
when  scour  can  be  prevented.  When  the  bottom  is  of  ver\'  low  bearing- 
power,  or  subject  to  scour,  as  in  the  case  of  soft  mud  or  shifting  sand,  piles 
will  be  required.  Pile  bents  have  the  disadvantage  of  neoessitating  longer 
pieces,  more  time,  and  the  use  of  a  pile  driver  for  their  erection.  How- 
ever, they  are  required  in  many  situations,  especially  for  railroad  bridges, 
where  even  a  slight  settlement,  such  as  might  result  fnm  the  use  of  framed' 
bents,  would  be  dangerous.  Acoordingt^,  a  number  of  efficient  portable 
pile-drivers  should  foim  part  of  the  equipment  of  an  army;  and,  when 
such  are  available,  pile  tresUes  will  often  be  preferred  to  framed  qosbl 
File-trestle  bents  are  subject  to  the  same  eoonomie  considerations  as 
framed-trestle  bents^  exo^  that,  being  stiflferi  thQr  require  lees  braoing. 

Trussea 

Fat  militaiy  purposes  the  truss  has  all  the  eccmomic  advantages  it  poe* 
seflsee  in  civil  use.  It  is  emi^ed  to  reduce  the  number  of  trestle  bents, 
or  other  type  of  piers,  when  the  construction  of  the  said  -piers  is,  for  any 
reason,  partioulariy  difficult.  Trusses  are  also  used  tb'give  greater  dear- 
anoe  as  a  measure  of  flood  protection,  or  to  span  deep  ehasms  streams 
without  intennediate  supports. 

Militaiy  trusses  must  usually  be  ereeted  without  fslseworki  and  wifli 
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the  aid  of  only  animals,  simple  tackle,  and  gin-ixjles  or  A-franies.  There 
will  be  difficulty  in  transporting  long  pieces  for  such  trusses.  Where  they 
must  be  constnicted  in  the  combat  zone,  the  span,  consecjuently,  is  limited 
to  40  or  50  ft.  ill  the  usual  case.  Larger  trus.ses  may  occasionally  l>e  l)uOt 
in  place;  and  when  plant  is  available,  as  in  the  rear  areas,  much  greater 
spans  will  be  practicable. 

Improvised  trusses  must  be  constnicted  of  wood,  preferably  sawed 
material,  and  steel  tie-rods  or,  in  exceptional  cases,  cables.  Accordingly, 

■ 

simple  triangular  (King  post),  Howe,  and  Pratt  trusses  (generally  erect  or 
through)  will  be  the  usual  types.  Where  only  light  material  is  available, 
lattice  or  bow-string  trusses  may  l)e  em])loved.  These  tyjjes  should  l>e 
built  as  nearly  as  ]M)ssil)le  in  accordance  with  civil  practice  in  similar 
structures.  Joints  should  be  as  simple  as  practicable,  requiring  a  mini- 
mum of  expert  caqxMitering.  Hound  timl)ers  may  l>e  used  in  the  simpler 
forms  of  trusses,  if  dimensioned  stuff  is  not  available.  Deck  spans  may 
be  employed  for  reasoiia  similar  to  those  which  would  dictate  their  adop- 
tion in  civil  practice. 

Sedwrud  Truasea  and  Girden 

Sectional,  iK)rtable,  or  "knock-down"  tnissc^s  and  girders,  in  wood  and 
especially  in  steel,  were  the  principal  development  in  military  bridging 
during  the  World  War.  They  were  demanded  by  the  augment^nl  density 
of  traffic,  and  esjx'cially  by  the  tremendous  increase  in  military  loads, 
which  now  include  heavy  motor-tnicks,  artillery-  of  great  calibers,  tractors, 
and  30-ton  tanks.  The  improvised  liridges,  long  characteristic  of  military 
operations  on  a  smaller  s<'ale.  were,  alone,  inadequate  to  meet  the  unprec- 
edented situation.  It  was  recognized  that  there  was  needed  some  form 
of  standardized  superstructure,  easily  transjxirted,  rapidly  erected,  adapts 
able  to  varying  spans,  and  capable  of  carr\  iMg  tlie  heaviest  loads.  This 
demand  was  best  met  by  portable,  sectional,  steel  girders  and  trusses; 
and  various  t  >  jh-s  of  such  structures  were  developed  by  the  British,  French, 
and  American  Armies. 

As  usual  in  such  cases,  a  great  variety  of  types  was  evolved;  but,  in 
the  interests  of  efficiency,  the  number  of  such  should  be  Umited,  and  each 
ahould  be  made  adaptable  to  varying  conditions. 

For  the  American  Army,  sectional  steel  girders  (I-beams)  for  spans 
up  to  30  ft.,  and  sectional  steel  trusses,  for  spans  from  33  to  90  ft.,  were 
designed.  The  British  employed  sectional  trusBes  in  qMUis  up  to 
180  ft. 

In  order  to  permit  transportation  in  motor  trucks,  the  truss  sections 
Cpanels  or  bays)  were  limited  to  1 1  ft.  3  ins.  Spans  from  33  to  90  ft.,  in 
increments,  could  be  erected  with  this  equipage.  The  sections  were  oon- 
nected  for  erection  by  bolts,  no  field  rivets  being  used.  These  trusses  can 
be  employed  with  any  type  of  support  or  pier.  The  truss  is  erected  with- 
out falsework,  being  bolted  together  on  one  banki  and  placed  by  launch- 
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ing  with  the  aid  of  tackle  and  an  A>frame  derrick,  or  by  a  counter-poise  of 

additional  sections  of  truss. 

It  in  certain  that  sectional  steel  girders  and  tnifises  will  be  used  on  a  vast 
Bcale  in  future  wars  of  any  prej't  magnitude. 

Portable  girder-spans,  usually  of  timber,  coniplete  with  flooring,  in  one 
or  two  sections,  are  provided  for  the  passage  of  foot  tr(X)ps  and  artillery 
over  trenches,  ditches,  and  small  shell-holes,  in  following  up  an  attack. 
Theae  bridges  are  trau^rted  on  combat  wagons  or  artillery  **^«n"» 

Cribs 

Cribs  may  be  usefully  employed  for  piers  on  very  unstable  bottomSy 
especially  when  there  is  a  swift  current,  and  for  abutments.  They  have 
the  advantages  that  they  require  no  plant,  and  can  be  built  of  short  pieces 
of  almost  any  material.  Cribs  have  greater  power  of  resistance  to  floods, 
ice,  and  drift  than  have  sunple  trestles,  provided  they  are  solidly  cott- 
structed  and  filled  with  stone.  Cribs  are  olton  employed  as  foundations 
for  framed  trestles,  the  orib-work  being  carried  above  ordiiiaiy  flood 
level. 

Trenches,  ditches,  shell-holes,  and  small  ravines  can  be  made  pnssshln 
by  filling  them  with  any  debris  that  may  l)e  at  hand. 

An  interesting  development  of  the  World  War  was  a  small  cube  oi 
crib  of  structural  steel,  any  number  of  whieh  oouki  be  bolted  together  to 
form  a  bridge  abutment. 

Huspension  Bridges 

Suspension  bridges  are  occasionally  employed  in  militaiy  operations. 
For  spans  exceeding  50  ft.,  when  no  plant  and  no  sectional  trusses  are  avail- 
able, they  will  sometimes  meet  the  situation.  For  mihtary  purposes  they 
have  the  advantage  that  the  only  essential  parts  are  the  cal:^,  which  are 
easily  transported.  If  these  are  at  hand,  the  remaining  portions,  being 
small  and  light,  can  usually  be  obtained  in  any  locality.  Li|^t  muptt^ 
sion  bridges  are  easily  erected  without  plant.  When  materials  for  a  fixed 
bridge  must  be  carried  with  a  rapidly-moving  column,  the  suspension  type 
has  the  advantage  of  requiring  the  least  material,  for  a  given  span  and 
capadty,  of  any  kmd  of  bridge.  Moreover,  its  parts,  being  small,  are 
easily  transported  and  handled. 

The  suspension  bridge  is  epedaUy  app^cMe  to  long  spans  combined 
with  light  loads,  but  even  in  such  situations  the  ponton  equipage  or  ferries 
wiU  usually  be  preferred  for  stream  ciosangs.  Hasty  suspension  bridges 
msy  be  built  to  cany  wagons,  but  for  motor  traffic  they  are  unsuitable. 
In  general,  they  are  used  on^  for  foot  bridges  of  relatively  long  span. 
Their  ideal  function  is  for  foot  traffic  and  pack  transportation  over  wide 
and  deep  ravines  in  mountainous  country,  where  the  ponton  equipage  or 
seetional  trusses  are  not  applicable. 

Because  of  the  difficult  of  handling  in  the  field,  cables  are  generslly 
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limiU'd  to  one  iiuli  cliiinictcr,  a.s  many  as  nocrssary  InMng  employed. 
Standint;  trees  are  utilized  as  t(m(Ts  and  anchorages  when  this  is  ft»asible. 

It  will  usually  be  impracticable  to  insure  vertical  reactions  on  the 
towers;  and  as  roller  Ix'arings  are  not  em])loyed,  the  sai<l  towers  should  be 
of  the  siiwhorse-trestlc  t>'pe  anil  well  braced,  in  order  effectively  to  resist 
the  overturning  moment.  The  sag  of  cables  usujdly  em]iloy('d  for  Tuilitarj" 
bridges  is  from  y\)  to  |  of  the  span.  Oscillation  and  undulation  are  limited 
by  the  usual  nn'tliods,  such  as  lateral  bracing  of  the  roadway,  trussing  the 
handrails,  drawing  the  cables  together  at  tlie  center,  guying,  etc.  While 
materials  for  light  suspension  bridges,  excepting  only  the  cables,  may 
usually  be  obtained  locally,  erection  will  l)e  greatly  facilitated  il  adjustable 
suspension  rods  (slings  or  bangers)  are  provided  in  advance. 

Ponton  or  Floating  Bridges 

The  construction  of  any  typc^  of  fixed  bridge  is  at  best  a  slow  process. 
Indeed,  in  the  case  where  an  anny  with  heavy  artillery'  and  tniins  is  con- 
fronted by  a  wide  and  deep  crossing,  the  construction  of  a  fixed  bridge 
might  require  weeks,  even  months,  of  time — in  fact  it  might  prove  utterly 
impossible  under  some  field  conditions,  for  instance,  in  the  absence  of  heavy 
and  elaborate  construction  plant.  Tactical  requirements  cannot  brook  such 
delays;  and,  to  meet  situations  of  this  kind,  some  form  of  portable  bridge, 
with  floating  supports  and  capable  of  extremely  rapid  instaUation,  is  abso- 
lutely indispensable.  Accordingly,  all  modem  armies  are  equipped  with 
Buch  bridges,  which  are  known  as  ponton  or  floating  equipage. 

The  floating  equipage  which  up  to  the  present  has  l>een  used  in  our  own 
army  (except  the  foot-bridge)  was  devised  prior  to  the  Civil  War,  and  has 
been  employed  wit  h  conspicuous  success  since  that  time.  It  is  a  tribute  to 
the  wisdom  of  those  who  designed  it  that,  in  over  60  years,  no  radical 
changes  in  the  equipage  have  had  to  be  made.  This  standard  equipage 
is  of  the  utmost  simplicity,  consisting  merely  of  any  number  of  l>oat8^ 
called  pontons,  which  are  anchored  in  position  and  connected  by  stringers 
or  "  balk,"  rest  ing  on  the  gunwales  of  the  boats,  on  which  stringers  the  deck 
planks  or  "chess"  are  laid,  the  whole  being  secured  by  lashings.  For 
shallow  portio  is  of  the  stream,  near  the  banks,  portable,  ooUapeible 
trestl(>s  take  the  place  of  the  boats. 

There  are  three  forms  of  ponton  equipage,  a  heavy  wagon  bridge,  a 
light  wagon  bridge,  and  a  foot-bridge,  the  latter  devised  during  the  Worid 
War.  The  heavy  pontons  are  of  wood,  having  an  available  supporting 
power  of  9 1  tons  each.  The  light  pontons  are  ooUapsible  wooden  frames^ 
covered  with  water-proof  canvas,  and  have  a  supporting  power  of  6  tons 
each.  The  portable  foot-bridge  employs  miniature  canvas  pontons  and 
provides  a  path  2  ft  wide. 

The  advantages  of  this  type  of  bridge  are  its  portability  and  the  extreme 
rapidity  with  which  it  can  be  installed.  The  approximate  wei(^ts  of  the 
material  per  running  foot  of  bridge  are  as  foUows:  heavy  equipage,  170  lbs; 
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light  equipage,  130  lbs.;  foot-bridge,  16  lbs.  One  "division"  (225  ft.  of 
bridge)  of  tlie  heavy  equipage  requires  10  wagons  to  transport  it,  and 
covers  a  road  space  of  al)out  300  yards.  One  division  (186  ft.  of  britige) 
of  the  light  efjuipage  requires  14  wagons  and  a  road  space  of  about  250  yds. 
One  division  (285  ft.  of  bridge)  of  the  foot-biidge  can  be  transported  in  one 
three-ton  truck. 

Lacking  the  standard  equipage,  almost  any  kind  of  boats,  rafts,  casks, 
or  in  fact  anjrthing  that  will  float,  may  be  utihzed  as  supports  for  an  impro- 
vised bridge. 

The  heavy  equipage  has  the  advantages  of  greater  strength  and  capac- 
ity, and  less  \'ulnerability  to  hostile  fire.  The  light  (canviia)  equipage 
has  the  advantage  of  greater  mobility  in  transport.  The  heavy  train  is 
required  when  heav>^  loads  are  to  be  carried,  when  very  swift  streams  are 
to  be  crossed,  or  when  the  bridge  must  resist  ice  and  drift,  or  stand  up 
under  hostile  fire. 

The  erection  of  the  ponton  bridge  takes  the  form  of  a  drill,  and  is  accom- 
plished in  an  incredibly  short  period  of  time  by  men  who  have  been  properly 
instructed.  The  equipage,  moreover,  is  so  simple  that  average  sddiers 
may  be  quickly  trained  to  install  it. 

There  is  no  stream  too  wide,  too  deep,  or  too  swift  for  the  ponton  equip- 
age, when  handled  by  trained  men.  As  an  indication  of  its  capacity, 
adaptability,  and  speed  of  erection,  the  following  historical  examples 
will  be  of  interest 

On  June  15th,  1864,  Gen.  Grant,  in  his  attack  on  Richmond,  had 
need  of  a  crossing  of  the  James  River.  The  stream  was  deep,  and  so  swift 
that  the  pontons  could  not  be  held  by  their  own  anchors,  it  bdng  necessary 
to  attach  their  cables  to  schooners  placed  in  the  stream.  The  crossing  was 
over  2,000  ft.  wide,  101  heavy  pontons  being  employed,  and  was  com- 
pleted in  5}  hours,  or  at  an  average  speed  of  6  ft.  per  minute. 

In  February,  1862,  a  bridge  of  60  boats  was  thrown  across  the  Potomac 
at  Harper's  Feny.  The  river  was  in  flood — a  perfect  torrent — canying 
great  quantities  cS  ice  and  drift.  In  spite  of  all  these  difficulties,  the  struc- 
ture was  successfully  completed  in  8  hour»— average  speed  of  erection,  2) 
ft.  per  minute.  ^ 

In  the  winter  of  1919  a  ponton  bridge  was  built  across  the  Chattahoo- 
chee River  at  West  Point,  Ga.,  by  a  detachment  of  the  7th  Engineers  with 
civilian  assistants.  The  bridge  was  reinforced  to  carry  heavy  traffic,  and 
the  flooring  was  spiked  in  place.  It  was  installed  during  a  flood,  the 
current  varyipg  from  5  to  10  miles  per  hour,  and  the  water  level  rising  4  ft. 
during  construction.  The  length  was  440  ft.;  and  the  bridge  was  com- 
pleted in  10  hours'  working  time. 

These  performances  under  service  conditions,  remarkable  as  they  be, 
are  quite  eclipsed  by  the  exhibition  bridge  constructed  across  the  Rhine 
(near  Honningen)  ])y  the  1st  Engineers,  American  Expeditionary  Forces, 
during  the  military  occupation  of  Gennany  (1919).  The  river  at  this 
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point  is  1,450  ft.  wide,  with  a  maximum  depth  of  25  ft.  and  a  current  of  3  to 
4  miles  per  hour.  The  bridge  was  built  from  lx)th  ends,  400  trained  men 
being  employed,  and  93  ponton.s  (of  the  German  equipage)  being  used. 
The  structure  was  completed  in  the  astonishing  time  of  41  minutes  8  sec- 
onds, or  at  an  average  rate  of  more  than  thirty^five  feet  per  minute,  the 
world's  record  for  speed  in  bridge  construction. 

No  other  type  of  bridge  ever  devised  is  capable  of  anything  approach- 
ing such  speed  in  erection.  By  contrast  with  the  time  required  in  the  cases 
mentioned,  one  of  the  best  examples  of  the  construction  of  a  heav>%  mili- 
tary trestle-bridge  was  a  structure  l)uilt  over  the  Little  Pe<lee  Tliver  in  the 
Civil  War,  in  which  a  length  of  100  ft.  was  completed  in  about  9  hours. 

The  ponton  hndise  is  designed  to  meet  emergeoides;  and  if  the  crossing 
is  to  be  required  for  any  considerable  period,  the  pcmton  equipage  should 
be  released  by  the  construction  of  a  fixed  bridge^  in  order  that  it  may  be 
available  for  fresh  emergencies.  For  the  requirements  of  a  moving  column 
in  a  theatre  where  stream  crossings  are  encountered,  the  ponton  equipage 
is  indispensable.  In  addition  to  its  use  for  bridging,  the  equipage  may  also 
be  employed  for  ferrying,  as  in  the  passage  of  a  stream  by  force  in  the 
face  of  the  enemy. 

If  it  be  necessary  to  employ  the  ponton  bridge  for  a  considerable  period, 
the  chess  (floor  plank)  should  be  protected  by  a  sheathing  of  thin  limiber  or 
by  hay  or  brush.  These  chess  are  very  thin  (1^  in.),  and,  if  unprotected, 
would  soon  be  worn  through  and  ruined  by  continued  t  raffic. 

As  just  stated,  the  floating  equipage,  if  available,  will  oft^n  be  the  first 
sohition  for  an  important  emergency  crossing.  Subsequently,  and  as  soon 
as  possible,  it  should  be  replaced  by  a  trestle  bridge,  which  in  turn  may  later 
be  used  as  falsework  for  a  more  elaborate  structure. 

The  adaptability  of  the  ponton  equipage  is  veiy  great;  it  is  ideally  fitted 
to  meet  military  emergendee;  and  its  vahie  as  a  saver  of  time  camiot  be 
over-estimated. 

New  Types  of  Ponton  Equipagt 

The  old  types  of  ponton  bridge,  whidi  have  so  kniig  served  mifitaiy 
needs,  and  which  are  of  generally  similar  design  in  all  armies,  like  other 
former  types  of  military  bridges  are  inadequate  to  the  needs  of  modem 
trafllc.  In  future  wars  a  heavier  equipage  will  be  required,  and  even  this 
must  be  capable  of  "reinforced"  construction  to  cany  the  augmented 
loadsL  Such  an  equipage  has  been  designed  for  the  American  Army.  The 
pontons  have  an  available  bu(^an<^  of  10  tons,  the  span  has  been  decreased 
to  16  ft  and  heavier  balk  are  used.  An  all-metal  boat,  or  one  of  metal 
sheathing  on  a  wooden  frame,  wiU  be  empk^ed.  The  adjustable  trestles 
for  end  spans  will  be  of  steel.  This  bridge  will  nonnally -cany  a  concen- 
trated load  of  13,500  lb&  on  one  aade,  and  may  be  reinforced  to  carr}'  an  asde 
load  of  20,000  lbs.  This  will  take  all  the  loads  of  a  corps  or  army,  except- 
ing only  heavy  tanks  and  the  guns  and  tractors  of  the  artiUeiy  weighing 


uiyiii-iuG  by  LiOOQle 


BCONOmOB  OF  ICILITABT  BBIDGB8 


478 


more  than  twenty  tons.  The  ranfofoenent  conaete  of  an  intennadiate 
roadway-bearer  supported  by  the  heavy  side  rails.  The  wagons  used  to 
Iranaport  the  neiw  equipage^  be  auch  that  they  can  be  haulfld  by  anh^ 
truek,  or  traetor. 

BioUfQad  Bridges 

In  the  oonstruction  of  railroad  bridges,  mifitaiy  praetice  f oDoiwa  ehdl 
practice  more  closely  than  in  highway  bridges.  As  they  must  uaoaQy 
carry  heavier  loads,  and  aa  varifttiona  in  dther  horiaontal  or  vertical  aUgn- 
ment  are  much  more  serious^  greater  attention  ahouki  bepaid  tothe  eoUdHj 
of  the  stmoture,  including  its  foundations.  Pile  trestles,  girders,  and 
trusses  on  piers  of  pile  clusters  are  the  usual  types  of  military-railroad 
bridge.  Most  of  them,  except  for  light,  narrow-gauge  railways,  will  be  in 
rear  of  the  combat  sone,  though  often  bridges  for  standard  gauge  must  be 
constructed  close  to  the  front. 

Foot-bridges,  employed  usually  to  meet  tactical  emergencies,  exhibit  a 
greater  variety  of  forms,  and  have  heretofore  been  less  subject  to  standardi- 
zation than  either  vehicle  or  railroad  bridges.  In  a  crisis,  any  design  and 
any  material  that  will  serve,  or  even  {)artially  serve,  the  purpose  must  be 
employed.  Trees,  cut  near  the  l)ank  and  allowed  to  fall  across  the  stream, 
often  have  enabled  a  combatant  force  to  meet  a  grave  emergency.  As 
traffic  accidents  thereon  will  be  less  serious  than  in  the  case  of  other 
bridges,  less  attention  is  usually  paid  to  the  factor  of  safety.  If  this  be 
ver\'  uncertain,  the  bridge  should  be  tested  by  sending  a  few  men  across, 
and  the  traffic  should  be  regulated  to  i)revent  crowding. 

The  demands  for  the  rapid  passage  of  foot  troops  over  streams  are 
so  frequent  and  insistent  in  modern  warfare,  that  it  is  certain  that  in  future, 
even  more  than  in  the  past,  standardized,  portable  foot-bridges  will  form 
part  of  the  ecjuipment  of  combatant  organizations.  A  number  of  such 
standardized  fcKjt-bridges,  including  the  light  ponton  tyjx^  heretofore  de- 
scribed, were  devised  during  the  World  War.  Floating  types  will  be  the 
ones  most  commonly  employed,  the.s(>  being  supplemented  by  light  sectional 
trusses  and,  in  some  instances,  by  suspension  bridges.  The  floats  which 
have  been  .successfully  used  include  light  canvas  pontons,  casks  of  wood 
or  steel,  rafts  of  wood  or  cork,  and  Kapok  Rafts.  The  latter  have  the 
advantage  that  they  are  unsinkable  by  rifle  or  machine-gun  fire. 

The  width  of  tlie  roadway  or  ])ath  of  foot-bridges  is  from  2  to  2^  ft.  A 
greater  width  is  unnecessiiry  for  the  j)a,'^sap;e  of  men,  and  unduly  decreases 
the  mobility  of  the  equijiage,  which  is  an  essential  requirement.  Such  a 
width  (2  ft.)  does  not  permit  the  pas.'^iige  of  machine  gun  carts,  which  must 
seek  other  means  of  cros.sing.  Machine  guns,  light  mortars,  and  one-pound 
cannon  accompanying  the  infantiy,  with  their  ammunition,  may  be  earned 
across  by  hand 
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Deck  or  Flooring  of  MilUary  Brid^ 

Dimensioned  honber,  never  less  than  2  inches  thick  and  preferaV>1y  4 
to  5  inches  (except  for  foot-bridges),  is  most  desirable  for  decking.  The 
oonstraction  of  a  deck  of  pole^  is  a  skyw  process;  because  it  is  a  tedious 
taA  to  collect  and  prepare  sufficient  niaterial  for  a  bridge  of  oonawterable 
length.  Poles  for  decking  should  be  at  least  3}  inches  m  diameter.  They 
should  be  well  spiked  so  that  they  wiD  not  rattle.  As  a  pole  deck  is 
UBuaUy  rayroi]|^,it  will  generally  be  advisable  to  chink  the  opemngs  and 
ooverfM  with  bnuh  and  leaves  and  then  with  a  layer  of  earth.  The  addi- 
tional dead  load  thus  brought  upon  the  structure  should  not  be  overlooked. 

Woven-brush  mattresses,  supported  on  deck  poles  at  rdativety  wide 
intervals  and  covered  with  earth,  make  a  satasfaetoiy  deck  for  foot4Midges. 

The  wear  on  decking  resulting  from  mHitaiy  traffic  is  veiy  great,  hence 
light  material  is  um^atisfaetoiy.  For  heavy  bridges  on  important  routes  a 
deck  5  inches  thick,  preferably  of  hardwood,  is  now  regarded  as  standaid. 
If  only  2-inch  material  is  available,  a  double  thickness  should  be  used.  The 
distance  between  stringers  mfeet  should  not  be  more  than  the  thlfiknees  of 
the  decking  in  indiet. 

Width  of  Roadway 

As  the  amount  of  material  and  the  time  roqnired  for  construction 
increase  with  the  width  of  the  roadway,  military  bridges  are  made  no  wider 
than  necessary,  and  are  gmrrally  limited  to  a  single  line  of  traffic,  with 
elearance  for  the  passage  of  footmen,  horsemen,  or  motor-cycles.  As  mili- 
tary traffic  usually  moves  in  trains  and  can  be  closely  regulated,  it  requires 
a  less  width  of  roadway  tlian  unregulated  civil  traffic.  For  the  standard 
bridges,  a  roadway  of  10  or  11  feet  is  employed.  If  it  be  necessary  to  imo- 
vide  for  the  continuous  movement  of  traffic  in  both  directions,  two  bridges 
side  by  side  may  be  adf)ptc  d ;  or,  if  the  traffic  be  veiy  dense,  three  or  four 
para^M  bridges  may  be  built.  Two-way  bridges  are,  of  course,  also 
employed.  A  15  ft.  roadway  will  pass  two  lines  of  traffic,  but  can  bardty 
be  called  ample  for  the  purpose,  a  width  of  18  or  20  feet  being  better. 

The  maximum  capacity  of  military  bridges  in  service  should  be  devel- 
oped by  efficient  traffic  control. 

Silk- Rails  (ind  Ilnnd-RnHs 

Sidtvrails  or  wheel-guards  of  ampU*  strength  should  never  be  omitted 
from  any  vehicle  bridge.  Hul>guar(ls  Mnd  hand-rails  are  picnerally  pro- 
vided for  throufih-f  russ  spans,  including!;  suspension  bridges,  largely  for 
the  protection  of  the  bridge  itself;  but  they  are  generally  omitted  in  the 
case  of  deck  spans.  On  the  other  hand,  side-rails  are  unnecessary  for 
foot  bridges,  except  to  secure  the  flooring;  but  hand-rails  are  generally 
provided. 

Materials  Employed  in  Military  Bridging 

Any  available  material  must  be  utilized  in  the  construction  of  militaiy 
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Iwidgea.  Even  bamboo  has  been  aueoesBfully  employed  to  carry  heavy 
loads. 

Timber 

Timber  can  be  adapted  to  the  requirements  of  bridge  conatniotion  more 
easily  and  rapidly  than  any  other  material.  It  is  also  tho  most  generally 
available  of  all  bridge  materials.  For  ehril  constructions  it  has  the  dia- 
advantage  oS  lack  of  pennanence— a  ooDsideration  having  little  or  no 
weight  In  militaiy  opeiatkMia. 

Timber,  aooordiogly,  is  the  favorite  material  of  the  militaiy  bridge 
builder.  Dimensioned  (sawed)  timberisgreatlyprafesraUe  to  round  timber 
(unsawedloge  and  poles);  first,  because  itcan  be  much  more  quickly  incor- 
porated in  the  bridge;  second,  because  it  makes  a  stronger  and  better  struc- 
ture; and  third,  because  it  lends  itself  better  to  standardised  designs  and 
methods  of  constructioB.  A  few  standard  siaes  of  lumoer  (sawed  timber), 
anflleient  to  meet  the  requirements  of  the  standardised  designs,  are  prefer- 
able to  a  great  number  of  miscellaneous  siaes  that  are  difficult  to  adapt  to 
any  d'^'flg^r 

MiUtaiy  bridges  must  be  and  are  frequently  constructed  of  round 
timber,  but  this  is  from  necessity  and  not  from  choice.  Round  timber  is 
sekkxn  used  (except  for  piles  or  poets  of  framed  trestles),  if  dimensioned 
material  is  available. 

Piling 

Piles  are  frequently  employed  for  abutments,  trestles,  and  piers  in 
situations  where  the  nature  of  the  bottom  does  not  permit  the  use  of  framed 
trestles.  The  use  of  ])il('s  necessitates  a  pile-driver,  and  consequently  at  the 
front  should  be  avoided  .if  possible,  although  frequently  necessary  there. 
Framed  trestles,  which  require  no  plant  for  their  erection,  are  preferable, 
even  if  it  be  obligatory  to  rip-rap  the  bottom  in  order  to  increase  its  bearing 
power,  or  to  prevent  scour.  Nevertheless  there  will  l)o  situations,  even  at 
the  front,  where  inks  must  be  used;  and  portable  pile-drivers  will  be  a  part 
of  the  engineer  equipment  of  every  aimy . 

Any  st<M'l\vork  which  involves  field  riveting  will  find  little  application  in 
miht-iiry  l)ridging,  even  on  the  lines  of  communication,  for  the  reason  that 
its  erection  demands  s]>ecial  plant  and  skilled  labor.  Rolled  sections 
(I-Heams)  are  trecjuently  employed  as  stringers  in  trestle  bridges  on  the 
hues  of  conununication,  and  even  at  the  front,  when  it  is  neceasaiy  to  cariy 
ver>'  heavy  loads,  such  as  tanks. 

Portable,  demountable,  steel  tniss-bridges,  capable  of  vcr>'  rapid 
erection,  and  designed  for  both  light  and  heavy  traffic,  were  em|)loyed  in 
the  World  War.  The  designs  were  very  ingenious,  aud  such  structures  wili 
undoubteclly  l)e  used  to  a  great  extent  in  future. 

Special  fabricated-steel  girders  are  frequently  employed  for  long  stduger- 
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qnii%  nttuJy  for  raiboail  bridges  on  the  fines  of  oommumcation.  TUr 
purpose,  of  ooune,  is  to  reduce  the  time  required  for  pier  oonstnietioii. 
They  diito  in  no  eeeeotial  from  civil  struetures  for  ain^^ 

Concnie 

Concrete  is  utilised  for  ouhrertfl^  f<nr  foundatioDS  of  fumed  trestles, 
ocesaonaUy  for  abutments  of  bridges  on  important  rontea  of  c(inmanie»- 
twn,  and  in  the  repair  of  old  masoniy  bridgesL  For  piers,  piling  or  crib- 
work  is  afanost  invariably  i^erable,  even  in  the  case  of  large  an^ 
bridgea.  Arehes  and  girder  epans  of  concrete  will  seldom  be  used.  In  the 
battle  aooe  concrete  finds  veiy  little  application  in  bridgework. 

Stone  is  employed  as  rip-rap  for  the  protection  of  piers  and  abutments, 
and  as  crib-filling.  Stone  masonry  will  only  exceptionally  be  used  for 
abutments  or  wing  and  retaining  walls;  for  there  will  be  but  few  situations 
in  which  either  concrete  or  rubble-concrete  would  not  be  preferable.  If  no 
cement  is  available,  lime-mortar  or  diy-stone  walls  are  SGmetimee  employed. 

Paint 

Paint  and  other  protective  materials  lue  sparingly  used  in  military 
bridging.  Ordinarily  tlie  time  for  which  the  structures  wiU  be  required 
does  not  justify  the  employment  of  these  ])reservatives.  Steelwork  should 
always  receive  a  shop  coat,  but  field  coats  will  usually  be  omitted. 

Jotnto  amd  Patieninif9 

As  military  bridges  must  be  constructed  in  the  least  possible  time  and 
usually  by  unskilled  labor,  intricate  joints,  involving  expert  carpentering, 
are  to  be  avoided.  Generally  a  plain  butt  joint,  requiring  no  carpentering, 
other  than  squaring  the  end  of  a  tinil)er,  should  be  used.  The  fastenings 
ordinarily  employed  for  hasty  bridges  include  lashings  of  ro\ye,  marline,  or 
wire;  dogs;  fish-plates  or  "scabbing";  di if t  bolts;  through  (screw)  bolts; 
and  spikes. 

Lashings  are  employed  in  the  absence  of  other  materials,  or,  as  in  the 
floating  equipape  (which  is  generally  lashed  throughout),  when  the  bridge  is 
to  be  later  dismantled  and  the  material  siilvaged.  They  are  not  a  very 
secure  fonn  of  attachment,  es]K"<'ially  when  they  actually  carr>'  the  load, 
as  in  the  case  of  the  caj)  of  a  spar  trestle.  In  such  stmctures  it  is  advisable 
to  (lap  or  notch  the  timbers  together.  Marline  gives  a  tighter  lashing 
than  rope,  but  not  such  a  strong  one;  and  small  rope  is  preferable  to  large. 
Lashings  do  not  stand  racking  well,  and  often  are  not  sufficiently  durable 
even  for  military  uses. 

Dogs  are  easily  made  of  any  iron  available.  They  should  not  be  em- 
ployed to  carr}'  a  load,  but  only  to  hold  timlxM-  in  ])<)sition. 

Drift  bolts  are  connnonly  employed  as  fastenings  for  all  parts  of  a  bridge 
except  the  deck.   They  are  readily  made  up  in  any  desired  length,  and  are 
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quicktsr  driven.  A  variatkm  in  the  length  of  the  boH  makes  no  difference, 
provided  it  is  long  enough.  It  is  not  necesssiy  to  point  the  ends.  Lag 
seiews  may  be  used,  if  available. 

Thioui^  bolts,  with  nuts  and  washen,  are  the  most  secure  form  of 
fastenings;  and,  if  procurable,  they  should  be  used  for  all  important  joints, 
except  sills  and  caps  which  are  usually  "riders"  (butted  on  the  trestle 
legs),  and  for  whidi  drift  bdts,  dogs,  or  scabbing,  are  anplo>  ed.  For 
round  timbers,  through  boUs  have  the  disadvantage  that  they  are  generally 
tttber  too  long  or  too  short,  requiring  the  use  of  wooden  washers  in  one  ease, 
or  dapping  out  the  timber  in  the  other^in  either  instance  involving  a  loss 
oftame.  Turned  boKsaieinvariabjy  used  in  lieu  of  field  rivets  in  the  asocm^ 
bly  of  sectional  sted  trussea 

A  full  supply  of  nails  and  spikes  of  asK^ted  aaes  diould,  of  course,  be 
provided. 

Siwe$  €f  Indwidual  Meniben 

» 

For  bridges  at  the  front,  the  sizes  of  individual  members  must  gen- 
erally be  such  that  thej^  can  be  readily  handled  and  placed  by  unskilled 
labor,  with  the  aid  of  animals  and  ordinary  tackle,  gin-poles,  or  shears. 
In  the  cases  when  plant  is  available,  heavier  pieces  may  be  used  to  advan- 
tage. The  principal  considerations  limiting  the  size  of  individual  pieces 
are  the  requirements  of  trans^iortatiou,  by  motor  truck  as  well  as  by  rail. 

Pkmi  and  Tools 

The  military  brid^je  builder  in  the  past  has  made  conij)aratively  little 
use  of  heavy  construction  |)laiit  in  liis  oixMations,  but  this  resulted  from 
necessity  rather  than  choice.  Construction  plant  is  utilized  whenever 
practicable;  and  in  view  of  the  great  capacity  now  re(juired  of  military 
bridges,  portable  plant  is  necessary  even  in  the  combat  zone.  However,  in 
the  tactical  oi)erations  of  the  combat  troops  the  opjK)rt unities  for  the 
employment  of  i)lant  will  be  relatively  few.  The  work  of  the  militar>^ 
bridge  Iniilder  is  spread  over  a  considerable  anvi;  he  movers  raj)i(lly  from 
place  to  place;  and  he  cannot  be  unduly  hampered  in  his  movements  by  the 
necessity  of  transporting  heavy  construction  plant.  Usually  the  plant  is 
not  at  hand  when  needed,  and  it  can  seldom  be  deiK'ntied  ujHjn.  More- 
over, one  of  the  principal  uses  of  j)lant  is  to  save  manual  labor,  and  this 
oonsidi'rution  has  less  wei^iit  in  military  than  in  civil  constructions. 

There  are,  however,  a  number  of  pieces  of  li^ht,  portable  constniction- 
plant  that  may  often  be  advantajzeously  enii)l()yed,  even  at  localities 
quite  close  to  the  front.  Theses  include  small  hoists,  pile-drivers,  com- 
pressors, pneumatic  tools,  concrete  mixers,  and  rock  cruslnMs.  Gasoline 
is  the  best  motive  power,  because  of  the  compactness  of  botli  machine  and 
fuel.  For  works  on  the  lines  of  conununication,  heavy,  standard  construc- 
tion-plant is  fre(juently  atlopted.  For  the  future,  jKirtable  }u»ists  and 
pile-driving  outhts  will  be  provided  for  corps  and  army  engineer-troops. 
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Tho  tools  used  in  military  bridge  work,  like  the  structures  built  theie-  i 
with ,  ahould  be  of  the  utmost  simplicity.  There  should  be  an  ample  supply  I 
of  the  common  tools,  such  as  picks,  mattocks,  axes,  saws,  hammers, 
wrenches,  shovels,  cant-hooks,  etc.,  with  a  few  of  the  less  usual  tools  that 
will  occasionally  be  required.  All  should  preferably  be  of  commercial  sizes ; 
but,  to  meet  emergencies,  miniature  tools,  easily  transported  on  a  pack 
mule  or  on  the  person  of  the  soldier,  should  also  be  available  in  case  of 
need.  There  will  arise  situations  in  which  the  entire  equipment  of  the 
bridge  builder  must  be  carried  on  pack  mules. 

Class  qf  Labor  Available 

Military  bridges  must  usually  be  buflt  chiefly  by  undriHed  labor.  In 
eveiy  engineer  organisation  there  will  be  a  number  of  skilled  artisans  of 
every  class;  but  the  majority  of  the  men  in  the  ranks  of  these  organisa- 
tions, as  well  as  those  from  labor  battalions  and  working  parties  from  the 
infantry,  will  be  of  the  class  known  as  unskiUed  labor."  This  fact  has  so 
important  bearing  on  the  design  and  methods  of  construction  of  militaiy 
bridges. 

ImpronaaUon  and  Standardization, 

The  diflicult  situations  encountered,  the  varied  circumstances  under 
which  work  must  be  performed,  the  emergencies  constantly  arising,  and  the 
necessity  of  adapting  to  his  purposes  whatever  materials  are  avaihible,  will 
require  the  militaiy  bridge  builder  to  be  skiUed  in  improvising  struc- 
tures to  meet  these  conditions.  Improvisation,  in  fact,  is  characteristic 
of  all  the  operations  of  military  engineering.  It  is  a  valuable  means  of 
developing  ingenuity  and  resourcefulness;  nevertheless  it  is  a  practice  which 
results  only  from  necessity,  and  it  has  the  disadvantages  that  it  consumes 
valuable  time  and  that  it  tends  towards  lack  of  uniformity  both  in  training 
and  in  actual  construction. 

Standardisation,  including  standard  designs,  standard  materials,  and 
standard  methods  of  construction  and  of  training,  is  at  least  as  useful  and 
economical  in  military  practice  as  in  civil  practice.  It  has  the  foUow* 
ing  important  militaiy  advantages: 

(a)  A  standardised  structure  can  always  be  erected  in  less  time  than 
one  in  which  extensive  improvisation  is  necessary,  especially  by  troops  who 
have  been  trained  in  standardised  construction.  The  saving  of  time  results 
from  both  the  fact  that  it  is  possible  to  use  standard  i)Ians,  and  that  loss  of 
time  from  improvisation  is  eliminated. 

(6)  A  further  saving  of  time  is  effected  by  the  fact  that  standardised 
materials  may  be  prepared  beforehand  at  the  engineer  depots,  and  sent  to 
the  front  as  needed.  Lumber  can  be  cut  to  exactly  the  required  dimensional 
bolts  will  be  of  exactly  the  rigiit  length,  and  special  pieces  of  all  kinds  esn 
be  made  up  in  rear,  so  that  it  will  not  be  nccessar>'  to  spend  time  in  pre- 
paring them  under  difficult  conditions  at  the  front. 
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(c)  Standardized  structures  require  less  skilled  labor  than  improvised 
structures. 

{(l)    Standardizi^tion  promot<»8  uniformity  in  training  and  practice. 

(e)  A  standardized  striu  t  lire  it^  nearly  always  superior  to  an  improvised 
structure  in  even'  item  of  utility. 

(J)  111  a  hast\-,  iniprovisiMi  bridge  constructed  of  random  materials,  the 
actual  stn'n^;th  of  the  structure  is  usually  a  matter  of  uncertainty  and 
guess-work.  In  standardized  designs  tiic  s;ife  loading  is  accurately  known, 
and  th{^  chance  of  accident  froui  overloading  the  structure  is  correspond- 
ingly reduced. 

Th<'  benefits  of  standardization  Ix'ing  so  manifest,  standardi zed-type 
plans  have  been  ])repare<l  for  all  forms  of  military  bridges,  even  for  those 
constructetl  of  local  materials.  Standardized  materiid  for  tliese  structures 
is  prepared  in  the  engineer  shoj)s,  so  as  to  reduce  as  far  as  possible  the 
amount  of  lal)or  required  in  the  field.  Standardized  designs  are,  or  should 
be,  of  the  utmost  simplicity  and  tlexibility.  They  should  be  simple, 
because  only  the  simplest  structures  can  l)e  suc-cessfulh'  and  promptly 
erected  under  the  difficult  conditions  incident  to  warfare,  involving  lack  of 
time,  adequate  t<K)ls  and  })lant,  skilled  laljor,  etc.  Tlie\  should  be  flexible, 
because'  no  two  situations  ar(>  exactly  alike;  and  tlie  t\  ]•<'  plans  nmat  be 
modified  in  practice  to  meet  the  actual  conditions.  It  shc^aiUl  be  possible, 
with  a  few  mirK)r  variations,  to  adapt  the  type  i>lans  and  the  standard 
materials  to  any  situation,  with  a  minimum  of  imi)rovisation.  The  best 
example  of  standardization  in  military  bridging  is  the  sectional  steel  truss 
heretofore  described. 

It  has  been  siiid  that  standardization  has  a  tendency  to  discourage 
invention,  and  hence  is  inimical  to  j)r()gress.  While  it  must  l)e  admitted 
that  there  is  some  truth  in  this  contention,  the  tremendous  results  that 
have  been  achieved  through  standardization,  in  both  civil  and  military 
practice,  are  a  sufficient  justification  for  its  adoption.  There  will  be  an 
ample  field  for  the  inventive  talents  and  resourcefulness  of  the  engineer, 
both  within  and  without  the  limitations  im|iosed  by  .standardization. 
Moreover,  for  every  inventive  genius  who  has  l)een  discouraged  by  stand- 
ariiization  ther,'  are  thousiinds  of  average  men  who  have  ])rofited  by  it; 
and  it  is  the  average  man  with  whom  we  invariably  reckon  in  military  o\wt- 
ations  of  all  kinds.  Standards  should  be  revised  and  improved  in  the 
light  of  experience;  and  this  was  frequently  done  during  the  World 
War. 

Because  of  the  density  of  traffic  and  the  heavy  loads  incident  to  modem 
military  operations,  standardized  bridge  designs  will  be  employed  more 
frequently  in  the  future  than  they  have  been  in  the  past.  There  were 
times  during  the  World  W:ir  when  the  regular  daily  traffic  OQ  a  8li|^  road 
waa  5000  motor  trucks  (in  both  directions),  and  during  troop  movements 
this  reached  a  maximum  of  more  than  17,(XK).  Rough,  improvised  struc- 
tures would  not  be  adequate  to  the  needs  of  such  a  traffic. 
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To  save  time,  material,  and  labor  and  to  obtain  quicker  results,  existing 
bridges  should  always  be  utilized  as  far  as  possible.  Unless  the  bridgr  is  a 
coiiiplctt'  \vr('<  k,  it  will  nearly  always  be  easier  to  repair  or  strengthen  it 
than  to  build  a  new  structure.  Existing  bridges  should  be  examined  by 
an  engineer  who  is  familiar  with  bridge  construction  in  the  particular 
locality.  Any  bridge  built  on  approved  standard  design,  and  the  f  arts  of 
which  an*  in  gooil  condition,  may  lx»  regarded  a>  sate  for  its  rated  htading. 
Any  bridge  that  exhil)its  a  radical  departure  from  standanl  design  sliould. 
of  course,  Ix^  looked  upon  witli  suspicion.  The  horizontal  and  vertical 
alignments  of  the  structure  should  be  noted,  after  which  all  its  parts  should 
be  examinee]  for  weakness  or  deterioratif)n.  The  conduct  of  the  bridge  as 
loads  pass  over  it  should  1m»  carefully  oliserved. 

A  weak  bridge  of  an}'  ty])e  may  be  strengthened  by  placing  additional 
trestle  bents  between  its  supports,  or  by  strutting  its  stringers.  All  bracing 
should  l)e  tlioroughly  reinforced.  Ev(»n  in  the  case  of  a  demolislied  bridge, 
it  will  generally  be  possible  to  utilize  at  least  its  abutments  and  ])iers,  or 
what  remains  of  them.  A  fallen  truss  may  often  be  raised  to  position  and 
its  undamaged  portion  made  available  by  intrcxiucing  a  new  pier.  A 
few  hours'  work  will  often  render  a  weak  bridge  sufficiently  strong  to  carry 
military  loads;  whereas,  if  it  be  allowed  to  break  down,  extensive  recon- 
struction or  even  a  new  bridge  may  be  needeil.  It  certainly  is  a  verA-  p<M)r 
bridge  indeed  that  cannot  be  strengthened  sufficiently  to  carr\' thi'de.'iired 
loads,  with  less  labor  than  would  be  nx^uired  to  build  a  new  structure; 
and.  in  the  interests  of  economy,  such  strengthening  should  always  be 
undertaken. 

Vtilizaium  cf  Local  Resources 

To  sfive  transportation,  to  promote  mobility,  and  to  meet  the  fre(|uent 
emergencies  in  which  no  stantlard  materials  will  V>e  available,  the  militar>' 
engineer  will  often  have  occasion  to  build  his  bridges  of  any  local  materials 
that  may  be  available.  Structures  built  of  such  materials  are  generally 
known  as  hasty  or  improvii^'d  bridges.  While  the  utilization  of  local 
resources  may  save  transportation,  it  will  not  economize  time  in  const  ruc- 
tion. A  threat  deal  of  time  and  effort  must  usually  be  exix'nded  in  findmg 
and  collecting  the  available  nuiterial,  and  in  transporting  it  to  the  site  of 
the  work;  and  when  it  is  there,  further  difficulty  will  Ix'  encountered  in 
adapting  the  heterogeneous  collection  to  the  standard  designs,  or  indeed 
to  any  design 

In  a  wfxxled  area,  round  timber  will  Ix^  available,  and  will  prove  to  ]ye 
very  satisfactory  for  tlu-  construction  of  bridges,  though  by  no  means  equal 
to  siiwed  lumber  of  standanl  sizes.  As  before  stated,  the  militar\'  engineer 
does  not  use  round  timber  from  choice,  although  it  may  be  remarked  that 
bridges  constructtnl  of  such  material  have  a  characteristically  militar>'  ap- 
pearance, and  sometimes  a  certain  rustic  beauty  quite  pleasing  to  the 
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eye.  But  it  is  aisf)  to  he  roniarkiHl  that  it  was  U)  avoid  the  loss  of  time 
involved  in  lalx)rioiisly  collecting  the  material  for  and  constructing;  such 
bridges,  that  tlic  ponton  eijuipage  and  the  standard  t^^Mvs  of  fixed  bridges 
were  devised.  The  con.structi(»n  of  a  bridge  of  round  timber  is  a  rather 
entertaining  recreation,  and  engincH^rs  occasionally  overltK)k  the  loss  of 
time  thus  involved;  hence*  it  should  be  avoided  wlienever  ]X)Ssible.  The 
collection  of  the  material  aiul  the  laying  of  a  fXile  deck,  in  particular,  con- 
stitute a  time-consuming  operation.  In  building  a  bridge  of  mix(\l  mate- 
rial, the  romid  timber  may  be  employed  for  trestle  posts,  sills,  and  caps, 
and,  if  necessiiry,  also  for  stringers  and  side  rails,  leaving  the  dimeosioued 
stuff  for  bracing,  stringers,  and  deck — especially  the  deck. 

In  almost  every  town,  unless  it  has  Ix^en  previously  overrun  l)y  the 
military,  a  small  stock  of  lumber  can  be  found;  and  frame  buildings  may  be 
wrecked,  if  necessary.  This,  in  combination  with  standing  timber,  will 
often  meet  the  needs  of  the  situation.  Local  materials  are,  in  general, 
decidedly  inferior  in  all  resix'cts  to  standardized  mat<'nals  from  the  engineer 
depots.  They  must,  however,  frcKjuently  be  employed;  and  th(*  engineers 
should  be  skilful  in  coUecting  them  and  in  adapting  them  to  their  needs. 

Loading  of  Military  Bridges 

The  mihtary  bridge  builder  should  be  familiar  with  the  usual  loads 
that  bridges  in  various  situations  and  for  various  purposes  will  be  called 
upon  to  bear.  Usually  these  loads  are  quite  definite,  and  the  standardized 
deigns  are  based  uyx^n  tiiem.  As  the  factor  of  sfifety  employed  in  military 
bridging  is  almost  always  low,  especially  at  the  front,  vehicles  heavier  than 
those  for  which  the  structure  was  designed  should  not  be  permitted  to 
cross  it.  Nevertheless,  it  is  generally  impoesible  to  foresee  the  extent 
to  which  any  bridge  may  be  used.  Bridges  on  important  routes  of  trans- 
port are  almost  certain  to  be  called  upon,  to  carry  the  heaviest  loads. 
Drivers  of  heavy  trucks  will  proceed  acroflB  aby  bridge  they  come  to,  what- 
ever warning  signs  may  be  posted,  unlesB  a  guard  is  placed  at  the  structure. 

Aocordingly,  it  is  desirable  that,  <m  any  main  route,  or  any  road  apt  to 
become  an  important  route,  the  bridges,  whatever  their  inmiediate  purpose, 
should  be  built  to  carry  the  heaviest  military'  loads.  The  supports,  at 
least,  should  be  made  ol  ample  strength,  which  will  allow  the  bridge  later 
to  be  reinforced  to  carry  heavy  loads  by  introducing  additional  supports 
or  otherwise  strengthening  the  superstructure. 

In  general,  the  first  crossing  will  be  a  hasty  improvisatioii,  or  a  Ugiit 
foot-bridge  of  some  standard  design.  If  theneedforthecrosringcontiniieSy 
this  bridge  may  be  replaced  by  the  ponton  equipage,  and  subsequently  by 
an  improvised  or  staodardiaed  fixed  bridge.  By  this  time  the  probaUe 
future  needs  of  the  route  will  be  known  with  some  certainty,  aad  future 
steps  can  be  taken  accordingly. 

There  should  be  an  ample  number  of  througji  routes  having  bridges 
capable  of  carrying  the  greatest  loads,  including  tanks  and  heavy  artilleiy. 
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Tlieflo  routes  for  heavy  traffic  should  be  properly  sign-posted;  and  mfonna^ 
tion  concerning  them  should  be  circulated  throughout  the  oonunand.  It 
will  evidently  be  impossible  to  provide  all  routes  with  the  heaviest  bridges; 
hence  a  rigid  traffic  supervision  should  be  exercised  to  prevent  heavy 
vehicles  from  wandering  into  the  minor  routes  where  the  bridges  have  not 
sufficient  strength  to  cany  the  loads  that  would  thus  be  imposed  upon  them* 

The  foregoing  Kxiuirements  conffict  to  some  extent  with  the  previous 
statement  that  a  hasty  bridge  should  be  built  with  a  low  factor  of  safety 
and  to  meet  the  exigency  of  the  moment  only.  Most  bridges  constructed  for 
tactical  uses  will  be  off  the  main  routes  of  transport.  In  any  case,  the 
engineer  must  decide  whether  the  probable  future  service  justifies  the 
expenditure  of  more  time  in  initial  construction. 

In  the  opc^rations  of  the  large,  fully-eqviip|KHl,  modem  army,  stand- 
ardized steel  superstructures,  capable  of  carrying  its  heaviest  loads,  will 
hereafter  be  characteristic  of  all  important  routes  of  transport,  even  quite 
close  to  the  front.  In  the  operations  of  small,  detached,  rapidly-moving, 
and  lightly-equipped  forces  in  a  sparsely  settled  countr>',  the  lighter  forms 
of  floating  bridge,  and  various  kinds  of  iniprovis<»d  structures  to  carry 
nHKlorate  loads,  will  in  the  fuliirc.  as  in  the  ])ast,  he  typical  of  bridging 
act  ivitios.  In  any  campaign,  iniprovibcd  stiuetuiesi  will  always  be  required 
m  the  combat  zone. 

TranspOTtalion  of  Materials 

There  is  ahva\  s  a  shortage  of  transjxirtation  for  ever>'  purpose  in  time 
of  war.  Such  important  su])pli('s  as  anununilion,  weaix)ns,  and  f«>od  must 
naturally  take  precetlenc(^  over  construction  materials.  When  the  nece.'^ 
sity  for  a  bridge  can  be  fores<M'n  for  a  reasonal)le  time,  it  may  be  practicable 
to  a.s.<;emble  in  advance  the  i)lant  and  material  rerjuisite  for  its  erection. 
This  will  often  b(^  ]K).s.sible  on  the  lines  of  c-onnmmication;  but  at  the  front 
it  will  be  absolutely  im])racticable  to  have  on  hand,  at  evenj  kx'ality  where 
an  emergency  may  demand  a  bridge,  all  the  materials  n'quired  for  the 
standardizecl  design.  The  engineer  is  thus  compelled  to  improvis<^  and 
adapt  to  his  needs  such  mist;ellaneous  material  as  he  can  secure  on  short 
notice,  locally  or  othenvis<\ 

Where  military  activities  can  be  forescH^n,  detx3ts  or  "dumps"  of 
construction  material  are  assembled  in  the  vicinity,  so  that  only  local 
transport  will  be  required.  Large,  h(»avy,  awkwardly-shajx»d  pieces  will 
always  be  delayed  in  transport.  They  are  difficult  to  load  and  ship; 
monvner,  they  arouse  the  hostility  of  the  transjwrt  personnel,  who  have  a 
natural  tendency  to  ]nish  them  towards  the  lx)ttom  of  the  ''priority  list"; 
hence,  all  l)ri(lue  material  should  be  of  a  size  and  Weight  that  wiU  insure 
reasonable  ])r(>m])tness  in  trans]X)rtation. 

While  it  will  seldom  be  ])ossible  to  supply  the  engineer  with  evcj-ything 
that  he  needs,  it  will  often  be  practicable  to  provide  cert^  materials  that 
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will  preatly  riHlun^  tho  time  roquinHi  for  const  ruction.  For  pxamplo,  the 
building;  of  a  polo  floor  is  tho  slowest  item  of  an  improvised  bridge.  If 
tiimensioned  Hoorinj^  material  (decking)  alone  can  be  iumi  up  from  the 
rear,  a  material  loss  of  time  is  cliiniiinted,  and  the  engineer  will  l)e  able  to 
improvist^  the  rest  of  the  structure.  Holts,  spikes,  wire,  cordage,  etc.,  form 
a  very  .small  i)art  of  the  weight  of  {\\v  bridgi* — they  come  in  small  packages 
and  are  easily  t ransj)()rt(  (l.  \\'ithout  them  the  time  and  difRcuby  involved 
in  building  the  structure*  would  b(>  greatly  increased;  hence,  these  fasteu- 
iDgs,  at  least,  should  be  luade  available  wherever  needed. 

SdecHan  of  Site 

In  many  cases  there  will  be  little  room  for  choice  in  the  selection  of  a 
site.  New  bridges  must  frequently  be  built  at  localities  where  former 
bridges  have  been  destro\  ed.  In  any  case  ncn  ssibilily  to  adjacent  roads 
on  both  sides  will  be  a  controlling  factor  in  fixing  the  site,  except  for  foot- 
bridges. The  location  must  fulfill  the  tactical  H  (}uirements;  but,  as  a  rule, 
the  chief  tactical  reciuirement  is  rapid  construction,  and,  accordingly,  the 
site  is  selected  with  this  in  view.  Where  there  is  room  for  choice,  the 
following  conditions,  affecting  the  time  required  for  construction,  will  be 
given  consideration. 

(o)  Width  of  Stream.  This,  of  course,  directly  affects  the  length  of  the 
bridge  and  the  time  required  for  its  construction.  Other  things  being 
equal,  the  narrowest  point  is  preferred. 

(6)  Depth  of  Water.  The  time  and  efifort  required  for  the  construction 
of  any  type  of  fixed  bridge  incn^a.^es  rapidly  with  the  depth  of  water, 
unless  the  stream  can  be  crossed  with  a  single  span  (truss  or  suspension). 
For  the  ponton  l)i-idge  there  should  be  sufficient  depth  to  float  the  boats. 
Any  greater  depth  does  not  mcrease  the  time  required,  except  that  very 
great  depths  make  the  anchorage  of  the  pontons  somewhat  more  difficult. 
Its  independence  of  the  depth  of  water  is  one  of  the  principal  advantages 
of  the  floating  equipage. 

(c)  Swiftness  of  Current.  A  swift  current  greatly  increases  the  diffi- 
culty of  constructing  and  maintaining  any  t}^^  of  bridge,  except  one  with 
a  single  span  from  bank  to  bank.  The  slowest  current  is  found  in  wide, 
straight  reaches  of  the  stream. 

(d)  Nature  cf  BoUom.  A  ver>'  soft,  yielding  bottom  will  demand  pile 
or  crib  construction,  whereas  a  hard  l)ottom  will  support  framed  trestles, 
which  can  be  more  rapidly  placed.  A  ponton  bridge,  or  a  fixed  bridge  of  a 
angle  span,  is,  of  course,  independent  of  the  nature  of  the  bottom,  as  it  is 
of  the  depth. 

(e)  Nature  Bonibt  omd  Approaches.  A  low,  flat,  and  marshy  ap- 
proach, or  one  subject  to  overflow,  will  demand  either  a  vety  long  bridge, 
or  a  causeway,  the  construction  of  which  is  apt  to  require  much  more  time 
than  the  bridge  it^.  On  the  other  hand,  Ugh  banks  will  neoessHate  tall 
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trestles;  or  else  they  must  be  cut  down  to  provide  approaches  with  a  pnu> 
ticable  grade— an  operation  usually  involving  much  labor.  The  ponton 
bridge  demands  low  approaches,  as  its  height  above  the  water  surface  can- 
not be  increased.  For  crossicgs  of  small  or  moderate  width  that  can  be 
cleared  with  a  single  span  or  by  using  a  small  number  of  intermediate 
supports,  high  banks  will  be  no  great  disadvantage;  consequently,  for  any 
type  of  bridge,  the  most  favorable  crossing  is  one  having  low,  Grm  banks 
of  equal  height ,  but  above  the  level  of  any  flood  likely  to  occur  during  the 
time  that  the  bridge  is  in  use. 

(J)  Materials  Available.  If  the  bridge  is  to  be  constructed  in  m^ole 
or  in  part  of  materials  obtained  at  the  site,  the  availability  of  such  local 
materials,  without  an  excessive  amount  of  transportation,  is  important. 
There  arc  certain  other  considerations,  of  a  tactical  nature,  that  have  a 
bearing  on  the  selection  of  a  bridge  site.  Amongst  these  may  be  men- 
tioned : 

{g)  Defensibility.  It  is  desirable  that  the  brid^^e  be  located  where  its 
construction  cannot  be  interfered  with  by  the  enemy,  and  where  it  antl  the 
troops  crossing  it  will  not  be  subject  to  artillery  or  rifle  fire  after  its  com- 
pletion. If  built  in  the  near  presence  of  the  enemy,  it  will  be  atlvisiible, 
before  beginning  construction,  to  ferr\^  some  troops  across,  in  order  to  pre- 
vent the  enemy's  snipers  from  interfering  with  the  work.  It  is  desirable 
to  locate*  the  bridge  in  a  position  where  it  is  sheltered  by  woods  or  hills  from 
hostile  fire,  and  where  it  caimot  be  seen  for  any  great  distance  either  up  or 
down  stream. 

(h)  Secrecy.  If  the  crossing  is  to  be  made  secretly  as  a  surprise,  it  is 
desirable  that  there  be  a  shelt<Ted  locality  on  the  near  bank,  at  or  close 
to  the  bridge  site,  where  the  material  can  be  assembled  without  the  enemy's 
knowledge. 

To  sum  up  then,  the  desirable  re(juisites  for  a  bridge  site  are:  accessi- 
l)ility  to  adjacent  roads;  narrow  width  of  crossing;  moderate  depth  and 
swiftness  of  current;  solid  bottom;  favorable  ajiproaches;  usually  low, 
firm  banks  of  equal  height;  materials,  as  n('(  (led,  available  near  at  hand; 
and  a  sheltered,  concealed,  and  def (Visible  locality. 

In  making  a  reconnaissfuice  for  the  selection  of  a  sito, these  various  desid- 
erata must  be  l)alaiK'ed  against  each  other  in  coming  to  a  decision;  for  it 
will  seldom  l)c  jiracticable  to  find  a  location  that  combines  all  the  advan- 
tages mentioned.  In  the  selection  of  a  site  for  a  railroad  bridge  there  will, 
of  course,  be  less  latitude  than  in  the  case  of  a  highway  stmcture.  It  is  to 
be  remembered  that  the  thing  sought  is  not  a  site  for  a  new  bridge,  but  a 
pradicablr  crossituj  of  the  stream.  A  bridge  should  not  be  built  if  a  suitable 
ford,  or  an  existing  bridge  which  meets  (or  may  l)e  made  to  met^t)  rw|uire- 
ments,  can  be  found.  In  anticipation  of  their  probable  future  use,  all 
existing  bridges  within  range  of  the  anny's  operations  should  be  promptly 
siezed  and  guarded,  in  order  to  prevent  their  destruct{ion  by  either  the 
enemy  or  his  sympathizers. 
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Protection  mjain^  Flood  and  Drift 

Military  bridges  are  protected  against  flood,  ice,  and  drift  by  the  usual 
methods  of  civil  practice.  Trestles  may  he  strengthened  against  lateral 
thrust  by  guying  upstream  or  struttiDg  downstream.  One  or  more  wide 
wptaiB,  with  booms  or  guide  walls,  may  be  provided  for  the  passage  of 
ice  and  drift.  Cribs  or  clumps  of  piles  are  used  as  fenders  and  ice  breakers. 
Ponton  bridges  should  have  a  draw  span  that  may  be  removed  lor  the 
passage  of  drif  t,  with  booms  to  guide  the  latter  into  the  opening. 

Inspection  of  Bridges 

All  the  important  bridges  in  the  area  occupicMl  by  an  army  should  be 
inspected  at  suitable  intervals  by  specially  (}Ualifie(i  engineer-officers. 
This  should  be  done  at  least  once  a  month,  and  the  results  of  the  insjKH-tion 
reported  to  the  Chief  Engineer.  At  such  ins]x*etions,  any  change  in  the 
nature  or  density  of  the  traffic  sho\ild  be  ascertained.  It  is  quite  as  impor- 
tant to  note  the  change  in  the  contlit  ion  of  the  bridge  since  the  last  inspec- 
tion, as  it  is  to  determine  its  present  condition. 
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CUNCLLHION 

TuF  devotion  of  an  entire  chapter  s{)«'cifi('ally  to  the  etmehisioii  of  an 
engineering  tn^atise  is  somewhat  of  an  innovation  in  teclinical  hleniiure, 
and,  therefore,  demands  an  exphination  for  its  intrusion.  The  esst'ntial 
reason  is  that  this  is  to  he  the  author's  last  tochnieal  h(K)k,  excepting  only 
that  after  the  third  thousand  of  his  "Bridge  Kngineering."  now  on  side,  is 
exhausted,  he  intiuids  to  write  for  the  second  edition  thereof  an  "Appendix" 
to  cover  the  resuHs  f)f  all  l)ri<lge  investigations,  other  than  economic,  which 
he  has  made  for  sbail  have  made)  since  that  work  was  first  issued  in  the 
summer  of  lOlti. 

The  reasons  whv,  after  tliirtv-seven  vcars  of  rather  desultorv'  book- 
writing,  he  is  about  to  des<'rt  tlu^  field  of  technical  literature,  or,  strictly 
speaking,  that  {Mjrtion  of  it  which  pertains  to  the  preparation  oC  formal 
treatises,  are  the  following: 

First.  In  many  cases  the  writing  of  technical  works  is  an  extrava- 
gant indulgence  that  very  few  engineers  can  afford;  for  not  only  does 
it  necessitate  the  expenditure  f)f  a  large  amount  of  cold  cash  to  prepare 
the  manuscript  of  any  book  worthy  of  being  considered  real  engineering 
literature,  but,  even  after  it  is  finished,  an  author  sometimes  has  to  pny- 
vide  ail  the  money  required  for  publication;  the  publisher  deeming  the 
many  yean  spent  and  the  great  outlay  of  money  used  in  building  up 
the  means  for  placing  such  works  on  the  market  a  fair  equivalent  for 
that  s(K>nt  in  preymring  the  manuscript.  This  is  specially  true  in  scien- 
tific l>ooks  which  require  special  means  and  careful  stuc^  to  put  them 
properly  Ix'fore  those  they  are  written  for. 

Second,  The  amount  of  personal  time  that  one  must  devote  to  the 
preparation  of  the  MS.  of  any  engineering  work  which  aims  to  offer  maa4]r 
original  material,  and  is  not,  like  many  engineering  books,  a  mere  com- 
pilation of  data  gathered  from  standard  treatises  and  the  technical  press, 
is  simply  appalling;  and  the  diversion  of  such  time  from  his  professional 
practice  is  often  a  serious  menace  to  the  success  of  an  engineer's  business. 

Third,  The  author  feels  that  in  presenting  this  treatise  on  bridge 
economics  to  the  profession,  in  addition  to  his  seven  preceding  books  and 
numerous  technical  mcmours,  he  shall  have  almost  exhausted  all  that  he 
has  to  say  in  print  on  the  subject  of  his  chosen  specialty.  In  other  words, 
his  message  to  the  younger  geoemtaon  of  engineers  ahall  have  been  ddhr- 
ered;  and  he  should  then,  with  a  clear  .conadenoe  about  having  "done 
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his  bit"  towards  the  developmont  of  engineering  srionco,  be  able  to  devote 
his  remaining  working  years  principally  to  serving  the  public  in  an  advisory 
capacity  on  important  engineering  projects — provided  tliat,  before  the  time 
arrives  for  him  to  pass  on,  the  profession  shall  havo  extricated  itself  from 
the  disastrous  slump  into  which  it  was  plunged  in  1914  by  the  advent  of  the 
World  War. 

The  reader  must  not  deduce  from  the  preceding  that  the  author  desires 
to  oonvey  the  impression  that  his  labors  in  the  field  of  engineering  economics 
are  over — ^far  from  it! — for  he  has  good  reason  to  expect  that  he  shall  be 
retained  some  day  to  investigate  the  great  economic  problem  of  "Molyb- 
denum Steel  for  Bridges"  in  the  some  manner  in  which  yean  ago  be 
investigated  that  of  "Nickel  Steel  for  Bridges." 

The  economic  studies  of  the  last  four  years,  upon  which  this  treatise 
is  mainly  based,  have  been  intensely  interesting;  but  the  work  involved, 
which  (somewhat  unlike  that  of  the  writing  of  the  auihat^s magnum  opus) 
has  been  chiefly  personal,  and,  in  apite  of  steady  ai^oation  and  loQg  work- 
ing hours,  exceedingly  long-drawn-out,  has  become  rather  overpowering; 
so  that,  it  must  be  confessed,  the  ultimate  crmipletion  of  the  undertaking, 
which  will  not  occur  until  the  book  is  actually  issued,  will  be  decidedly  in 
the  nature  ci  a  relief. 

In  another  particular  the  preparation  of  this  treatise  has  differed  from 
that  d  its  predecessor,  which  (as  a  side  issue,  it  is  true,)  necessitated  a 
tborou^  SGAToh  of  engineering  literature;  because  in  this  case  no  search- 
ing has  been  done,  the  reason  being  that  the  subject  is  almost  entirely  a 
new  one,  and,  consequently,  essentially  independent  of  past  looords. 

The  author  hopes  that  this  book  will  prove  of  real  servioe  to  several 
generations  of  engineers,  notwithstanding  the  fact  that,  on  account  of 
changes  in  practice  due  to  the  rapid  devdopment  of  the  prafesaion,  nearly 
an  engineering  books  are  8hortr4ived.  Such  a  hope  is  not  entirely  without 
foundation,  because  his  little  "De  Pontibus,"  published  nearly  a  quarter  of 
a  century  ago,  in  s|Nte  of  its  contents  having  been  absorbed  by  its  suc- 
cessor, "Bridge  Engineering,''  had  a  steady  sale  until  about  the  end  of 
1920,  when  tiie  publiahers  let  it  go  out  of  print  because  of  its  low  price 
oombined  with  the  exceeding  high  cost  of  paper,  press-work,  and 

twmiing. 

In  condualon,  there  is  a  suggestion  which  the  author  would  like  to  make 
concerning  a  poseible  utility  for  this  woric  in  combination  with  its  immediate 
predecesBor;  but  he  has  long  debated  as  to  the  advisability  of  offering  it, 
fearing  that  some  of  his  readen  may  either  misconstrue  his  motive  or 
charge  hhn  with  undue  conceit  concerning  the  vahie  of  his  t^whnical  pro- 
ductiona  However,  he  has  decided  to  run  the  risk;  because  he  greatly 
desires  that  the  results  of  the  long  and  arduous  labor  which  he  has  put 
upon  their  preparati<m  shall  be  utilised  to  the  utmost  for  the  benefit  of  aU 
future  young  engineers  who  have  the  ambition  to  qiecialise  in  bridgework. 
The  suggestion  is  this: 
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If  a  young  engineer  of  fine  intdligence,  great  energy,  unoeuing  persevre- 
ance,  and  high  ambition,  who  has  had  during  lus  tedmieal-ediod  course  a 

thorough  training  in  the  theoretical  portion  of  bridge  defflgning  and  has 

systematically  continued  to  read  and  study  concerning  bridgework  during 
a  practice  of  five  or  six  years,  devoted  mainly  to  the  various  ramifications 
of  that  specialty  in  i  ()ini)utat ion  room,  drafting  office,  manufacturing  shops, 
and  field,  wishes  to  become  a  bridge  expert  and  carr>'  on  an  independent 
consulting  practice,  he  can  do  so  by  adopting  the  following  procedure: 
Let  him  devote  all  of  his  time  for  an  entire  year  to  the  reading  and  re-read- 
ing of  "Bridge  Engineering"  and  "likjonomics  of  Bridgework"  and  to  solv- 
ing, by  the  use  of  these  books,  numerous  examples  of  all  kinds  upon  assumed 
data,  so  as  to  obtain  actual  experience  in  the  computation  of  secondary' 
stresses  and  deflections,  in  the  designing  of  the  various  tj-pes  of  bridges,  in 
the  determination  of  economic  layouts  for  all  kintlsof  assumed  conditions, 
in  the  expeditious  making  of  cost  estimates,  in  the  writing  of  specifications 
for  manufacture  and  erection  of  substructure,  superstructure,  and  ap- 
proaches, and  in  the  drafting  of  sound  engineering  contracts.  Such  work 
could  best  be  done  as  a  post-graduate  course  in  one  of  the  leading  twhnical 
schools;  but  this  is  not  really  essential,  because  such  a  young  man  as  the 
one  described  should  certainly  be  able  to  carrs^  on  his  studies  unaided. 
Again,  it  could  be  carried  out  well,  by  taking  longer  time,  were  the  young 
man  in  the  employ  of  a  consulting  engineer,  a  bridge  manufacturing  com- 
pany, or  a  bridge  erector.  The  author  feels  confident  that,  upon  the  com- 
pletion of  the  training  above  recommended,  the  young  man  under  con- 
sideration would  be  truly  entitled  to  tenu  himself  a  Consulting  Bridge 
Engineer,  and  his  auoceas  in  that  capacit^y  would  practically  be  aasured. 
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Tbb  foOonniig  is  a  ehronologicaUy  tmngfid  Est  of  the  author's  various 
investigations  and  writings  on  the  subjeet  of  bridge  eoonomics^  extending 
over  a  period  of  thirty-seven  years: 

In  1883,  a  paper  on  "Economy  in  Struts  and  Ties." 

In  1884,  a  chapter  on  ''Economy"  in  "The  Designing  of  Ordinary  Iran 
Highway  Bridgea" 

In  1891,  a  paper  in  "Indian  Engineering"  on  "Economic  Span- 
Lengths." 

In  1887,  a  chapter  on  "TVue  Economy  in  Design"  in  "De  Fdntibus." 

In  1897,  an  daborate  investigation  of  the  economies  of  cantilever 
bridges,  published  in  the  last-mentioned  work. 

In  1906,  a  complete  investigation  of  the  economics  of  steel  trestles, 
which  was  later  incorporated  in  "Bridge  Engineering." 

In  1907,  an  extensive  paper  on  "Nickel  Steel  for  Bridges,"  published  by 
the  American  Society  of  Civil  Engineers  and  awarded  its  Norman  Medal. 

In  1909,  a  paper  written  in  French  for  Le  Ghiie  Civil  and  entitled 
**  Vne  ktude  ^conomiqm  de  VEmploi  de  VAcier  au  Carbone  d  Grande  Risi9t~ 
once  pour  la  Construction  dea  Fonts" 

In  1913,  a  paper  on  "The  Possibilities  in  Bridge  Construrtion  by  the 
Use  of  Hiph-Alloy  Steels,"  pul)lish(Ml  by  the  American  Society  uf  Civil 
Engineers,  and  awarded  its  Nonniui  Medal. 

In  1914,  a  pajMi  on  "Alio}'  Steels  for  Bridgework,"  presented  to  the 
Intrrnational  Engineering  Congress  of  the  San  Francisco  World's  Fair. 

In  1916,  a  chapter  on  "True  Economy  in  Design,"  in  "  Bridge  Engineer- 
ing," being  an  expansion  of  a  similar  chapter  in  "Dc  Pontibus." 

In  1917,  a  series  of  three  lectures  on  "Engineering  Economics,"  deliv- 
ered to  the  I'jigineering  Ahnnni  Association  of  the  University  of  Kansas. 

In  1917.  a  j)a|)er  on  "The  Economics  of  Steel  Arch  Bridges,"  presented 
to  the  American  Society  of  Civil  Engineers,  publislied  in  its  "  Proceedings," 
and  awardeti  its  Norman  Medal. 

In  1918,  a  pa]H'r  entithnl  "Compjuative  Economics  of  Cantilever  and 
Suspension  Bridges,"  presented  to  the  Western  Society  of  Engineers  and 
published  in  its  "Proceedings." 

In  1919,  a  paper  on  "Economic  Span-Lengths  for  Shnj)lr  Truss  Bridges 
on  Various  Tyix'S  of  Foundation,"  prciiented  to  the  last-mentioned  society 
and  published  in  its Proceedings." 
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In  1919,  a  paper  entitled  "  Possibilities  and  Economics  of  the  Trans- 
bordeur,"  presented  to  the  Institution  of  Civil  Engineers  of  Great  Britain, 
and  published  as  the  basis  of  two  editorials  in  Le  Genie  CiviL 

In  1920,  a  joint  paper  with  Mr.  H.  Malcolm  Priest  on  "Comparative 
EooDomiiss  of  Continuous  and  Non-Continuous  Trusses/'  presented  to  the 
Engineers'  Society  of  Western  Pennsylvania  and  published  in  its  "IVo- 
ceedings." 

In  1920,  a  paper  for  the  same  sodety  on  "Comparative  Economics  d 
Wire  Cables  and  High-Alloy-Steel  Eyebar-Cables  for  Long-Span  Suspen- 
sion-Bridges," and  publidied  in  its  "Fkoceedings." 

In  1920,  a  memoir  entitled  **De  VEmpUi  kemomique  des  Alliaget 
d^Ader  daru  la  CanatrucUon  dea  Ponit"  published  in  condensed  fonn  by  the 
AeaUmie  dea  Sdencee  on  July  12,  1920,  and  in  full  by  Le  O&nie  CivA  on 
July  24, 1920. 

In  1920,  a  paper  entitled  "Bridge  verma  Tunnel  for  the  Proposed  Hud- 
son River  Crossing  at  New  York  City,"  presented  to  the  American  Society 
of  Civil  Engineers  and  published  in  its  "Proceedings." 

In  1920,  an  as-yet-unpublished  paper  on  "Economics  of  Reinforoed- 
Concrete,  Steam-Railway  Bridges." 

In  1920,  a  paper  on  "Economics  of  Movable  Spans,"  presented  to  the 
American  Railway  Engineering  Association,  but  not  yet  published. 
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Abrams.  Prof.  Duflf  A.,  3115 
Abrasion  of  briciKe  paint,  44fi 
Abutments  for  arches  with  filling,  22fi 
Abutraentjj  with  wing-walls    rerswi  buried 

piers,  1 14 
Acadhnie  de»  Sciences,  2fi 
Acoessibility  to  paint  brush,  2Q1 
Accidents  in  shops,  370.  3Z1 
Accumulators,  312 

Accuracy  in  calculations,  limits  of,  3^ 
Additions  to  future  loadings,  IQ. 
Advantages  of  ideal  method  of  contract- 
letting.  352=354 
Aerial  ferry.  HIS 
Aesthetics,  123 

pier-shafts,  IfiH 
Age  of  cement,  393.  3M 
Aggregate  for  concrete, 

light,  im 

prices  of,  23 

reduction  of  voids  in,  38fi 

volume  of  voids  in,  3iifit 
Agreeableness   of   traversing   bridges  and 

tunnels,  54,  5ii 
Air-spraying  of  paint.  422 
Algiers.  319 

Alignment  and  grade.  1 1ft 
Alligntoring  of  paint.  434 
Allowance  for  clearance.  214 
Allowance  for  expansion,  215 
Alloy  steels. 

carbon  steel,  comparison  with.  32^  33 

criterion  for  plate-girders  of.  2Z 

econonuc  comparisons  of,  44-51 

economics  of,  2(V-52 

prices  of,  M 

tests  of,  rts  4 A 

use  in  bridgework.  33 
Alternating  v*rnus  direct  current,  312 
Alternative  methods  of  erection,  303 
Aluminum  steel,  33^  34 

Analysis  of  details  and  joints  s<imetimes  im- 
practicable, 201 

Anchor  arms,  economic  lengths  of,  100,  258 

Anchor  piers  for  cantilever  bridges,  compu- 
tations of,  fi4 

Anchor  span,  economic  length  of,  25d 
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Anchorages  for  suspension  bridges.  94  ,  267 
Anchored  ends  veraua  free  ends  for  stiiTening 

trusses,  2fi2i 
Angles,  single,  in  tension.  2U4 
Annual  costs,  total,  contrasting  of,  14 
Annual  expenses,  14 
Anticipating  accidents  in  shop,  370.  371 
Anticipating  the  future,  lii 
Anticipating  troubles,  371 
Ant<»ine,  Marc,  35 

Appearance  of  reinforce<l  concrete  bridges, 

456 

Appendix.  4S9 
Application  of  paint.  422 

after  cleaning.  446 
Approaches. 

bridges  and  tunnels,  time  expended  in 
climbing  up  and  down,  5& 

economics  of,  1 13 

nature  of.  483 

spiral,  53 

suspension  bridges,  2fiQ 

timl>er  trestle,  21 
Arbitrary  power  of  resident  engineer,  382 
Arches. 

combination  of  stresses  in.  I.'i5 
Fraser  River  Bridge  at  Lytton,  B.  C, 
246 

reinforce<l-concrete,  225-230 
abutment,  22fi 
erection  of,  406 
ine<]uality  in  length  of,  227 
ril>s,  types  of,  222 
rise  of,  22fi 

steel  bottom  chords,  22ft 
steel, 

cantilever,  238 
economics  of,  232-24fl 
erection  of.  402 

formula.'  for  weights  of  metal  in,  230. 

240.  2A& 
limiting  span-length  for,  241 
pile  foundations  for.  244 
tabulation  of  salient  features  of,  234 
weights  of.  compared  to  trussen.  23K. 

23fl 

Waikato  River  Bridge  at  Cambridge,  N. 
Z.,  21Z 
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Arches, 

Waikato  River  Bridge  at  Hamilton,  N.  Z., 

Arnold,  Col.  Bion  J.,  S 

Arrangement  nf  deck,  128 

Arrangement  of  riveting,  ISO. 

Arroyo  Scco  Bridge  at  Pasadena,  Calif.,  248 

Asphalt,  life  of,  A52 

Asphalt  pavements,  188 

Assembling,  376 

Asaembling  in  shops,  378.  3Zfi 

Assistant  Engineer  of  Coustrurtion,  283 

Auditor.  38i 

Austin.  Texas,  bridge  over  C^olorado  River, 

248.  242 
Author's  report  to  S.  P.  E.  E.,  3 
Automatic  brakes  on  lift  bridges,  29& 
Automobile  travel  in  tunnels,  53 
Auto-truck  loadinR]<,  L25 
Availability  of  supplies.  123 
Avoidance  of  special  material,  205. 

B 

Backstays,  M 

suspending  floor  from,  2S& 
Balance-beam  bascule  bridge.  Brown,  for 

Mystic  River,  29L  308 
Balanced-cantilever  type  of  girder,  222 
Balancing  chains  in  lift  bridges,  294, 
Ballasted  decks,  182^  183^  185,  18fi 

Ballast  resting  directly  on  steel  plate, 
liS3 

Ballast   resting   on  reinforced-ooucrete 
slab,  183 
Banks,  nature  of,  483 
^"  Bare  necessities  only,"  principle  of,  4fil 
Bascules, 

Brown  balance-lieam,  228 
economics  of,  289 

heel-counterlmlanced-trunnion  type,  2ft0 
heel-trunnion,  '2fl7 

Housatonic  River  Bridge,  298.  308.  309 
Mystic  River  Bridge.  22S 
quantities  for.  299 
singlc-louf  ttrsus  double-leaf,  289 
swing-span,  comparison  with,  284.  285 
vertical-lift,  comparison  with  285-287. 
302 

wind  pressure  on,  31R 
Base  for  pavement  on  lift  bridges,  295 
Bases  of  pedestals,  plain  concrete  vernus 

reinforced,  173 
Batten  plates,  200^  203 
Beach,  Major  General  Lansing  4.59 
Beams,  intensities  for  compression  flanges  of, 

laz 

Bending  of  long  pieces  undesirable,  21 1 
Bessemer  process,  modification  of,  for  high 

grade  steel.  35 
Beveled  cuts,  2Q6,  212 


I  Bitulithic  pavementJi,  18ft 

Bituminous  concrete  floors,  tmsatisfactory, 
422 

Bituminous  pavements,  188 
Bhicksmith  shop.  3Z8 
Blank  forms,  360 
Blockade  of  tunnel  traffic,  5& 
Block  pavements,  42fi 
•■  Bloom, "  45fi 

Bob-tailed  swing  versu*  ordinary  swing.  gRR 
Boca  del  Rio  Bridge  painting,  439 
Boiled  linseed  oil,  435 
Bond,  Colonel  P.  S..  4fiQ 
Bonus,  method  of  division  of  among  em- 
ployees, 348 

Boring,  3ZZ 

Bottom,  nature  of.  483 

Box  sections  for  compreesion  members,  2&1 

Braced  towers  verstu  solitary  columns,  254 

Braked  trains,  thrust  of,  140 

Brake  power  for  bascules,  31B 

Brake  resistance,  315 

Brakes,  automatic,  on  lift  bridges,  295 

Brazil,  paint  for,  440 

Breakdown  of  machinery,  315 

vehicles  in  tunnels,  5Z 
Bridges, 

agreeableness  of  crossing,  54^  56 
approaches, 

data  concerning,  in  "  Bridge  Engineer- 
ing," 114 

economics  of,  113 
arch,  steel,  economics  of,  232-249 
combined,  129,  131 
comparative  economy  of,  14 
contractors,  general  fieldwork  of,  383 
economics,  list  of  author's  writings  on, 
489,  49Q 

entrances  and  exits,  separation  of,  55 

height  of  climb  over,  54 

manufacturers'  standards,  205 

movable,  284=309 

cost  of  operation  of,  55 
operated  by  combustion  engine,  311 
operated  by  electricity,  311 
operation  by  hydraulic  pressure  or 

compressed  air,  311 
power  for  operating,  cost  of,  5& 

projects,  promotion  of.  2Q 

reinforced-concrete,  21H  231 

comparison  with  steel  bridges,  64-66 
small  cost  of  maintenance  and  repairs 
for,  64 

replacing  of,  403.  104 

riveted  versus  pin-connected,  72. 

sanitation  on,  56 

simple-truss,  economic  limit  of  length 

for,  84 
spiral  approaches  to,  59 
steel,  67-71 
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Bridges, 

comparidon  with  reinforced-roncreto 

bridRes.  64-C6 
lifo  of,  M. 
HtrcnKthcning  old,  409.  416.  All 
tunnels,  romparison  with,  .5.1-60  j 
author's  paper  on,  5&  j 
comparative  ecouomicH  of,  12^  ail  ■ 
cent  curves  for,  5Z  j 
costs  compared,  54 
unit  prices  for, 
Brine  drippingH  from  refriRcrator  earn,  415. 

\ 

protection  against,  443  i 
Rnwklyn  BridRe.  2M  I 
Brooklyn  KriRinccrs'  Club,  4.'i7  I 
Brown,  Thoraaa  Ellis,  310 

balance-beam  bascule,  291.  297 

bridge  over  Mystic  River.  298.  3QS 
Brown,  Thomas  Ellis,  Jr.,  29Q 
Brush  for  painting,  character  of,  44K 
Buckle-plate,  stiffened,  lilS 
Buffers  for  lift  bridRes, 
BuildinRS  and  plant,  :iH4 
Built  piles,  2fifi 

Buried  piers  versus  abutments  with  wing- 
walls,  UA 
Burlap  for  water-proofing,  1S3 
Burrard  Inlet  proposed  bridge  at  Vancouver, 

B.  c,  m 

Byrne,  Edward  A.,  195i  2M 

C 

Cables, 

advantages  and  disadvantages  of  various 

types  of,  2fifl 
formula}  for  weights  of.  •272-27.'i 
suspension  bridRe.  economic  rise  of,  205,  i 

litiii 

vertical-lift  bridges,  225  ^ 
Caissons, 

building  up  of,  382 

comparison  with  cribs  filled  with  piling, 
LZ3 

rein  forced -con  Crete,  169 
side  friction  on,  156 
Calcutta   bridge  over  Hwigly  River,   tiro-  | 
posed,  '2SHi  j 
Caml)ering  plate-girflcrs.  l'I)7  I 
Cambridge  arch  britlge  over  the  Waikafo 
River,  2A1 

Camden  and  Philadelphia,  pro(K>Ked  trans- 
bordeur  for,  '.VATi 

Camps,  'ii<n 

Canady,  C.  M.,  208,  SfiS 
Cantilevers, 
testhetics,  83 

alloy  steels,  criterion  for,  27,  2fi  i 
anchor  piers,  I 
arche-t  238  1 


Cantilevers, 

combination  of  stresses,  L35 
economic  lengths,  M 

of  anchor  arms,  100-102 
economic  span-lengths,  2a8 
economics  of,  257-2fi2 
erection.  399,  401 
illegitimate  use,  83 
inclined  struts  over  main  piers,  2fiQ 
intennediate  trusses,  2fill 
legitimate  economies  in,  259,  2fiQ 
limiting  widths  of  structure,  OA 
live  loads,  122 
minimum  width.  81.  85 
new  type  of,  economics  involved,  87-89 
pedestals,  200 
piers,  24 
rigidity,  83 

rivete<l  rtTstis  pin-connect«d  types,  2fil 
simple-truss  bridges,  compttrison  with, 
H.1-X9 

solitary  piers,  ^Mxlestals  for,  260 
splaying  of  trusses,  liiiO 
standard  tJTK's,  S4j  Vi 
suspension  bridge,  comparative  e<*onomic8 
of,  !)0  112 

economics  as  affected  by  use  of  alloy 
steels,  UD 

highway  bridges,  106 

r6stmi6  of  investigation  of,  108.  lOfl 
truss  depths,  252 
tyiKM  of,  •2M-'2R9. 

A,  811 

C,  economics  of,  84^  85 
vertical-lift  combination,  235 
vibration  in,  hii 
weights  of  metal  in,  31 
Cantilevered  versus  couuterforted  retaining 

walls.  231 
Capital  -Vccount,  4(HI 
Capital  and  Lal)or,  3.38 

Capitalization  of  operation  and  maintenance, 
15 

Carbon-niolylxlonum  steel.  32 
CarlKjn-monoxide,  cumulative  ^ction,  53,  5fi 

in  tunnels,  53 
C;irlM)U  steel.  45 

alloy  stei^l  comparison,  .12^  33 

Carmol  steel  comparison,  44 
f 'artl  indices,  360 
Cannol  st«H'l,  37,  45 

carbon  steel  comparison,  44 

tests  of,  42 
Can-others,  D.  D.,  438 
"('arrying  Bridges  Over,"  409 
Carrying  stnicturt*,  314 
Cartlidge.  C.  288 
Castings  at  cf»lumn  feet  luuuvessary,  204 
Cast  in>n  in  bridges,  2SM 
f'aus<*s  of  paint  deterioration.  444 
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Cement, 

age  of,  393i  3M 

concrete  floors,  unsatisfactory,  42Z 

paints,  437 

prices,  22 

protection  of,  382 

testing,  a»Q 
Center-bearing   vernu   rim-bearing  swing- 
spans,  287 
Centrifugal  force  for  old  bridges,  412 
Chains,  balancing,  for  lift  bridges,  2&4 
Chalfant,  J.  G.,  40L  ^ 
Chamfering,  3Z5 
Changes  on  drawings,  359 
Channel  flango»  turned  in,  21)3 
Channels,  shifting,  122^  2113 
Charts  of  progress,  3X1 

Chattahoochee  Iliver  crossing  at  West  Point, 

Ga.,  471 
Checking  computations,  libQ 
Checking  of  materials.  380 
Chccaman  &  Elliot,  132 
Chess  (floor  of  ponton  bridge).  470 
Chromc-molybdenum-steel  cables,  2h2 
Chrome-nickel  steel,  37 
Chrome  steel.  ^ 

Chromol  steel  comparison,  45. 

tests  of.  38 
Chrome-vanadium  steel.  3Z 
Chromium-molybdenum  steel.  37 

best  compoHition  of.  U 
Chromium-vanadium-molybdenum  steel,  31 
Chromol  steel.  3L  Ifi 

best  composition  of,  51 

cables.  282 

chrome  steel  comparison.  ^ 

Chrovanmol  Mtecl  comparison.  51 

Nicmol  steel  comparison,  51 

tests  of.  38 
(treated).  43 
(untreated).  43 
Chrovanmol  steel,  3L  4fl 

Chromol  aiecl  comparison.  51 

Chrovan  steel  comparison.  48 

tests  of.  iO 
Chrovan  steel.  37^  4a 

Chrovanmol  steel  comparison.  48 

tests  of.  4D 
City  of  Now  Orleans.  31fl 
Clarke.  Ernest  Wilder.  332 
Clarke.  Major  I^on  L.,  310 
Classes  of  military  bridges.  4fi3 
Classification. 

bridges.  4in 

loadings,  412 

low,  for  old  bridges.  414 

Train  Loadings.  413 
Cleaning. 

application  of  paint  after,  446 

metalwork.  246i  ^ 


Cleaning, 

for  shop  coat.  441 
Clearance  allowance,  214 
Clearances, 

alxjve  high  water,  122 

ample,  216.  310,  317 

between  lx>ttom  of  shaft  and  cofferdam. 
IZl 

criterion  for  economics  of  bascules  and 
vertical  lifts,  309 

necessity  for.  214.  215 
Clear  waterway.  122 
Climatic  influences  on  paints.  4.38 
Climax  Molylxlcnum  Ck)mpany,  3fi 
Climb  over  a  bridge,  height  of.  54 
Clutches.  313 

Cocked-hat  in  pier  shafts.  Ifl9 
Cofferdams. 

open-dredging  comparison.  121 

sealing  of.  122 
Collection  of  data.  3^ 

Colorado  River  Bridge  at  Austin.  Texas,  248. 
24fl 

Colors  of  paints,  A2h 
Columns, 

best  number  of  per  bent.  224 

castings  unnecessary  for  feet. 

formulse.  139 

reinforced-concrete.  223 

sections,  best,  255 

spacing,  economic.  253 

steel  trestles,  method  of  proportioning  of, 
131 

tests.  Report  of  Committee  on.  136.  132 
Combination  of  stresses.  133 

stresses  in  cantilever  bridges  and  arches, 
135 

Ctmibination  of  vertical  lift  and  cantilevers, 
2fl5 

Combined  bridges.  12fi>  131 

grouping  of.  129.  13Q 

live  loads  for,  132 
Combustion  engine  for  operating  bridges. 
311 

Commercial  influences.  12S1 

Comparative  economics, 
bridges  and  tunnels.  53 
Cantilever  and  .Suspension  Bridges.  268 
different  types  of  ordinary  steel  bridges, 
62 

formula  for.  14 

of  Wire-Cables  and  High-Alloy  Steel 
Eye-bar-Cables  for  Long  Span 
Suspension- Bridges.  263.  2fi2 

steel  and  reinforcetl-concrete  bridges,  65 
Compensating  factors  in  economic  compari- 
sons. Hi 

Compensation  for  insfiection.  361 
Competition  eliminated  by  cost-plus  con- 
tracts. M2 
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Competition  for  students  on  cost  estimating,  | 
lAl  I 
Compressed  air  for  bridge  operation,  311  i 
Compression  flanges  of  beams,  intensities  for. 

Compression  members,  | 

box  sections  for,  2&1 

economic  sections  of,  ISSi 
Computations,  checking  of.  359 
Computing,  short  cuts  in,  02 
Concluding  suggestion  by  author,  487.  488 
Conclusion,  4H6 

Concrete  (see  also  Reinforced  Concrete) 
aggregate,  prices  of,  2^ 

volume  of  voids  in,  3&fi 
amount  of  water  for  mixing,  3&2 
arch-spans,  erection  of,  IQQ 
best  proportion  of  materials  for,  rtsT-MKQ 
bridges,  water-proofing  of,  ilil 
cracks  in,  Ahh 

depositing  under  water,  382 

encasement,  442 

fluidity  of  mixture,  3111 

forms,  steel  wt«u«  timber  for,  12Q 

girder  bridges,  erection  of,  40ft 

jigging  of  freshly-made.  392.  aiiil 

leaching  of  by  percolation  of  water,  4.^ 

light  aggregate  for.  1^ 

manufacture,  economic  problems  in,  387 

military  bridges.  476 

mixing,  economics  of.  ."^Sft-aftfi 

manner  and  time  of,  3&1 
one-man  stones  in,  386 
pavements,  laai 
payment  for,  386 
pier-shafts,  reinforcing  of,  167 
plain  verms  reinforced,  for  pedestal  bases, 

m 

protection  of, 

stone  masonry  for  piers,  comparison,  167 

stones,  large,  use  of.  392 

timber  decks  for  highway  bridges,  com- 
parison, IhZ 

working  stresses  for,  21fi 
Condemnation  of  old  bridges,  ruling  for,  407 
Conditions  affecting  layouts  of  bridges.  LLfi  I 
Congestion  of  traffic  at  entrance  and  exit. 
Connections,  entering,  21Q. 
Conscientious  contractors,  342 
Conscientious  workmen,  342 
Construction.  Engineer  of,  383 
Construction  facilities,  123 
Continuity  of  trua«'es,  summary  of  conclu- 
sions from  investigation,  bi 
Continuous  trusses 

di\'ided-triangular  trusses,  7H^  8Q 

economics  affected  by  semi-cantilevering, 
81 

effect  of  reversing  stresses  on,  72 
highway  bridges,  Z& 


Continuous  truflsee, 
legitimate  use  of,  TL 

non-continuous  trusses,  comparison,  7ft- 

82 

Petit  trusses  for,  78,  81 
Continuous  versus  simple  reinforcod-concrete 

girders,  221,  222 
Contract-letting,  economics  in,  337-357 
ideal  system  of,  343.  344 
advantages  of.  3n2-3.'>4 
objections  raised  to,  354-356 
importance  of,  32Z 
unit  prices,  340 
various  methods  of,  33fi 
Contractor, 

economic  subjects  for  study,  383 
salary  on  cost-plus  jobs  objectionable, 
348.  34fi 

Contracts,  expediting  finishing  of,  123 
Conveyance  of  power,  312 
Copying  surveys  from  field  books,  381 
Comers,  round,  in  plate-girders,  201 
Corrective  ratio,  346.  347 
Corrosion,  415 

prevention  of,  421 
Corthell,  Dr.  Elmer  L.,  12 
Cost. 

bridges  and  tunnels,  57,  58 
estimates  for  bridges,  economics  in,  141 
estimating,  examples  of,  142-145 
first,  l& 

movable  spans,  297 
operation,  5a 

problems    for    solution    by  students, 

146-14Q 
records,  3fiQ 

shopwork  on  pins  and  holes.  23 

total  annual,  contrasting  of.  14 
Cost-plus  method,  objections  to,  .34.1 

author's  experience  with,  343 

eliminates  competition,  342 
C^otton  drilling    for  water-proofing  decks, 
183 

Council  Bluffs  Bridge,  21 
Counterfortcd  versus  cantilevered  walls,  2.?1 
C'ounters,  over-stress  of.  423 
Counterweights,  materials  for,  294 
Covell,  V.  R.,  407,  424 
Covering  power  of  paint,  4.16 
Cover-plates  for  top  flanges,  2QQ 
Cracks  in  concrete,  455 
Cranes,  366,  376,  SSI 
Creosoting,  1H8 
Crescent  trusses,  272 
Cril)s  and  caissons,  building  up  of,  382 
Cribs  for  foundations,  123 
military  bridging,  469 
Criterion, 

clearance  for  bascules  and  vertical  lifts, 
309 
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Criterion, 

economics  of  primary  tnijw  meraljers,  2fi 
militar>'  bridge  criterion  in  victory,  ifi2 

Crooked  st ringers.  4C)(\ 

Cross  girderH,  spacing  of,  lli2 

Crojw-flcction  of  deck,  I2ii 

Crown-hinge,  location  of,  232 

Crowning  of  roadway,  420 

Crystallization  of  metal,  41ft 

Curlw,  189 

Current,  Hwiftness  of,  4K3 

reversal,  122 
Curving  ends  of  girders,  211 
Cut-stone  mji-'*onry  rcr«u«  cf>ncrete  for  pierx, 

mz 

Cutting  metal,  aZi 
Cylinder  piers,  IftS 
repairs  to,  421 

D 

Damages, 

failure  to  water-proof,  453 

faulty  ins|>ectii>n,  31i2 
Danger  from  fire,  ILi 
Data. 

collection  of.  35fl 

ctinceniing  bridge  approaches  in  "  Bridge 
Engiru>ering. "  114 
Davies,  J.  Vipond,  H 
Decisions  by  resident  engineer,  381 
Decks, 

arrangement  of,  to  accommoilato  several 

lines  of  traffic,  12h 
iMillasted.  182^  183^  185,  Ififi 
drainage  of,  183 
econ«»mics  of.  182-198 
highway  bridges.  187 

concrete  rtrsim  timljer  for,  187 
military  bridges,  474 
oi>en  timlier.  182.  IM 
open-web.  riveted  spans,  economics  of. 

ZQ 

plate-girder  spans,  economics  of.  OK 
timlK>r,  19."> 

weight  reduced  to  mininuim,  L24 

width  of.  127 
Defensibility  of  military  bridges,  4K4 
Definition  of  economics,  fi 
Delaware  River  bridge  Ih'Iwwmi  Philndcl|)hia 

and  Camden,  projwsed.  iilh 
I>epositinK  concrete  under  water,  3fi2 
Depths, 

descent  into  a  tunnel.  54 

economic,  of  trusses,  llfi 

n«K>r  Ix'ams,  economic,  18A 

foundations,  L22 

girders  in  viaducts.  203 

pier  shafts  IhjIow  water,  170 

plate-girders,  economic,  with  rivete<l  end 
connections,  179.  IhH 


I  Depths. 

stringers,  economic.  185 
water,  4i43 
Derrick  cars,  398 

Descent  into  a  tunnel,  depth  of,  M 
Design, 

details,  2D3 

economics  of,  lftft-2ni 

shop  considerations,  3flfl 
Destruction  due  to  neglect  *)f  wntcr-prrKifiug, 
452 

DetaiUng.  economics  of.  190-201 

vertical  lifts,  economics  in,  294 
Details,  designing  of,  203 

skimping  of,  133.  201 
Deterioration, 

paint,  causes  of.  444 

steel  structures  due  to  wear,  423 
Detennination, 

economic  span-lengths,  I.Vt 

layouts.  1  ifi-l->4 

time  for  repainting,  44& 
Detroit  River  pnjpo.ied  bridge,  estimating 

cost  for.  ]VL  lili 
Detroit  Superior  CIraphitc  paint,  438.  43fl 
Development  of  true  economy,  2 
Diagrams.  18 

Direct  current  rrrmts  alternating,  312 
Discharging  employees,  3K1 
Disruptive  force  of  freesing  water,  4r>.'> 
Distance  from  springing  to  bottom  of  base, 
220 

Diversion  of  traffic  during  replacement,  4(Wi 
Divided-triangular   trussen   for  continuous 

spans,  78.  HQ. 
Division  of  bonus  among  employees,  .348 
Dogs.  420 

Double-leaf  tersua  single-leaf  bascule,  289 
Double  tracking,  future,  21 
Double-track  railway  trestles,  2S2 
Doubling  of  trusses,  future,  'il 
Doubling-up  of  old  bridges,  407 
Drainage, 

deck.  Iii3 

roads,  4.'>4 
Drawings. 

changes,  350 

imchecketl,  .3">9 
Drawing  temix*rature.  best,  44 
Driers,  use  of,  43.'» 
Drift  IkjUs  in  military  bridges,  477 
Drift,  pnttection  against,  4^** 
Drifting  ice.  122 

Drilling  (cotton)  for  water-proofing  decks. 

Drilling  from  stilid.  208. 325 

Drills,  portable.  379 

Drippings  from  briilb,  415 
j    Duluth  pro|K>sed  lift  bridge,  310 
1  "Dumb  IjcII"  pier-shafts,  llih 
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Duplication.  2QQ 

Dutch  Boy  Rod  Lead.  ia2 

B 

Earle.  Thomas,  366^  372 

Earth-thrust,  influcnro  of.  22H 

East  Omaha  Bridge  over  the  Missouri  River, 

21.  131.  llih 
East  River  Bridge.  266 
Economic, 
factors,  S 

limits,  wide  range  of.  Ifi 

investigation    of   engineering  prairiico, 

principle  of,  Q 
problem,  H 

span  lengths   for   simplc-truss  bridges, 
150-ia'> 

rtsumfe  of  results  for,  lfil-164 
Economics, 

definition  of,  Q 

engineering,  a  treatise  on.  2 

principles,  general,  ft 

studies,  necessity  for,  2 

study  of,  in  technical  schools,  2 

versus  expediency,  15 
Economy, 

comparative,  formula  for,  H 

true,  development  of,  2 
Effect  of  wind  pressure  on  moving  spans.  223 
Efficiency, 

An^orican,  2 

national,  increasing,  2 

power,  definition  of,  311 

transbordeur,  .330 
Elasticity  requisite  for  water-proofing  ma* 
tcrial,  ^52 

Electric, 

lamps  in  shops,  367 
railway  bridges,  IfiZ 

loading.  12fi 

tracks,  imi 

Electricity  as  txjwer  for  operating  bridges, 

311.  ai2 
Electrified  stoam  railroads,  li>fi 
Electrolytic  action,  4.'>.'i 
Electro-metallurgical  process, 
Elevated  railroads.  25U  2oi\ 

economic  span -lengths  for,  2.'>4 

economics  of,  2.50-250 

pin-connected,  13 
Elimination  of  noise  of  gearing,  313 
Elimination  of  unneccssarj-  transportation. 

3m 

Embankments.  113^  115 
Eml^dded  st«cl,  necessity  for  water-proofing, 
4iW> 

Employees. 

character  of.  .385 
discharging  of,  3hl 
force  of,  3HA 


Employees, 

keeping  busy,  380 

percentage  of  profit,  'MH 
Encased  steel,  necessity  for  water-proofing. 

Encasement,  188 

ccmcrete,  442 

floor,  im 
End  flfMir  beams,  omission  of,  203 
Engine,  gasoline,  multi-cylinder,  313 
Engineer, 

aid  contractor.  381 

Construction,  3fi3 

importance  of  his  work,  3 

long  working  hours  for  field,  3SQ 

resident,  instructions  to,  3S() 

War  work,  4.'i9 
Engineering, 

economics,  importance  of  study  of,  3 
lectures  to  University  of  Kansas,  4 
treatise  on,  3 

fieldwork,  3Sil 

office  work,  economics  of,  358-360 
Enlargement,  future,  121 
Entering  connections.  214.  216 
Enterprise,  economics  of  proiwnod,  Z 

paying.  H 

Entrances  to  bridges  and  tunnels,  separation 
of,  5A 

Equipment  for  repairs  and  renewals,  42n 

t<K)l8,  374 
Erection, 

alternative  methods  of,  3QQ 

arch  spans,  ^02 

c^ntilevoring.  3t>«> 

cantilevers,  401 

concrete  arch-spans.  4()(} 

concrete-girder  bridges,  4t36 

considerations,  123 
design  for.  214-217 

eccentric  falsework,  3iH) 

economics  of,  396-406 

elevation  from  ground,  400 

fl<K>r-8ystem  in  advance  of  trusses,  215. 
21fi 

flotation.  iDQ 
girder  spans,  307 
long  spans,  400 
medium  spans,  39& 
methods,  123 
plant.  402.  403 
protrusion  method  of.  3Qfl 
specialization  of, 

standard  plant  and  equipment  for,  397. 

.starting  at  center  panel.  21.^ 

steel  bridges,  .397 

suspendofl  platform,  ilK) 

suspension  bridges,  liii 

temiMjrar>'  suspension  spans,  400 

viaducts,  aaa 
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Estimates, 

costs  for  bridgcM,  eoonomicii  in,  14i 
monthly,  to  be  made  promptly,  3H1 

EfltimatinK.  examples  of,  142-14.'i 

Examples, 

cost  estimating,  142-14fi  ^ 
use  of  economic  curves  for  movable  spans,  | 

Excessive  live  loads,  12&  i 
Excrescence  of  magnesia  and  other  salts,  45fi 
Existing  bridgrx,  utilization  of,  4S() 
Exits  from  bridges  and  tunnels,  separation 
of,  5& 

Expansion  allowance,  215. 

joints  in  pavements,  213. 
Expediency  verswi  economics,  13 
Expediting  finishing  contracts,  173 
Expenses,  annual,  14  | 
Expert  opinion,  gratis,  Z 
Explosives,  storage  of,  3&2 
Extra  metal  required  to  support  one  excess 
pound  of  extraneous  load,  197. 

IPS 

Extras.  281 

Extra  work,  not  a  punishment,  1 
Eye-bar-cable  suspension-bridges,  221 
quantities  of  various  materials  in,  278 

P  j 
Fabrication,  designing  of  shops  to  suit,  3fifi 
Facilities  for  construction,  123  | 
Factors, 

affecting  layouts  of  bridges,  Ufi 
affecting  results  in  painting,  446 
compensating,  IZ 
economic,  8^  12 

safety,  small  for  military  bridges.  462 
Failure  to  water-proof,  damage  from, 
Falsework, 

fitness.  382 

washout.  La 
Fatigue  of  bridge-metal  a  myth.  416 
Features,  general,  of  structure,  I2Q 
Field, 

coats,  application  of,  4:i4 

engineers,  long  working  hours  for,  380 

inspection.  'AM 

organization,  .383 

property  of  the  engineers,  381 
Field  work, 

economics  of  bridge  engineering,  380 

general,  of  bridge  contractors,  383 

layout  for,  380 

time  schedule  of,  3M) 
Filing,  339 

Fire,  danger  from.  113 

protection  for  timber  bridges,  i2Q 
Fire-proof  paints, 
First  cost,  Ifi 
Fish.  Prof.  J.  C.  L.,  fi 


Fitness  of  falsework  and  forms,  382 
Fixed-span  bridges,  ratios  of  cost  for,  with 

various  clearances  above  high 

water,  331 

Flanges  of  beams,  intensity  of  compression 

for,  131 
Flanking  spans,  223 
Flashing,  IKi 
Flat  scale  of  wages,  370 
Floating  bridges,  470 
Floods,  122 

protection  against,  4h3 
Floor  beams, 

economic  depths  of,  185 

sections,  1H6 
Flooring  in  military  bridges,  474 
Floor  records,  421 
Floor-systems, 

economic  depths  of,  for  truss  bridges,  177. 
118 

economics  of,  1H'2-I<)S 

highway  bridges,  190-200 

railway  bridges,  1K4 

stringerless  type  of,  193.  IM 
Floors, 

maintenance  of,  i23 

shops,  374 
Flotation  method  of  erection,  400 
Fluidity  of  mixture  of  concrete,  increasing, 
3fll 

Foot  bridges,  military,  473 
Footings,  223 
Footwalks,  21 

widths  of,  128 
Force  of  employees,  386 

shops,  size  of,  38Q 

workmen,  323 
Foresight,  1& 

Foreword  by  Major  General  Lansing  IL 

Beach.  4r>Q 
Forge  work  to  be  minimized,  211 
Forms, 

blank,  3fiQ 

concrete,  steel  vernu  timber  for,  170 

fitness  of,  382 
Formuls 

comparative  economy,  11 

weights  of  metal  in  arches,  239.  240 

weights  of  suspension  bridges,  272-275 
approximate  accuracy  of,  2^ 
Fort  Leavenworth  bridge  over  the  Missouri 

River,  repairs  to, 
Foundation  considerations,  122 

arches  on  piling,  244 

deep,  122 

economics  of,  167-174 

loadings  on  deep,  13fi 

piles,  ignoring  of  impact  on, 
Foundry,  378 
Four-angle  columns,  212 
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Four-column  versut  two-column  structureB 

for  elevated  railroads,  2M 
Fowler.  Charles  Evan,  139.  234 
Frame  trestles  for  military  bridges, 
Fraser  River  Arch  Bridge  at  Lytton,  D.  C, 

Fnuer  River  Bridge  at  New  Westminster, 

B.  c,  m 

Fratt  Bridge  at  Kansas  City,  132^  \M 
Free  ends  versus  anchored  ends  for  stifTening 

trusses,  2fiii 
Freeiing  water,  disruptive  force  of,  ^55 
Freight  rates,  2a 
Friction, 

caisson,  1^ 

long  piles.  15fi 
I-Xtiler,  William  B..  3&& 
Full-punched  work,  211 
Full  time  work,  necessity  for.  2 
Function  of  operating  machinery,  315 
Future,  anticipating  the,  Ifi 
Future  enlargement,  121 

G 

Galveston  Causeway,  lAQ 

Gardiner,  J.  B.  W.,  44fl 

Gardiner  and  Lewis,  Inc.,  440 

Gas,  effects  of,  on  steel,  4 Id 

Gases,  locomotive,  protection  against,  444 

Gasoline  engine,  multi-cylinder,  313 

Gauntleted  tracks,  m 

Gearing, 

elimination  of  noise  of,  aiB 

spur,  312,  aia 

worm,  313 
General  economic  principles,  fi 
General  features  of  structure,  12Q 
Geographical  conditions,  Ufi 
Girders, 

depths  in  viaducts,  203 

economics  of,  175-181 

erection  of.  3&Z 

reinforcod-concrete,  221.  223-225 
spacing  of,  191 
Glasgow.  Missouri  River.  Bridge,  IM 
Goheen's  Carbonising  Coating,  432 
Gorge  crossings  are  specially  suitable  for 

arches,  2M 
Government  requirements,  116.  112 
Grade  and  alignment,  118.  119 
Grant,  General,  crossing  of  the  James  River 

by.  4ZJ 
Gratis  expert  opinion.  Z 
Gravel  and  sand  used  without  screening, 

32Q 

Great  Miami  Ri%'er  Bridge,  M 
Griest.  Maurice  K.,  2^ 
Growth  of  steel,  215 
Gunite,  M3 


)  ^ 
HadBeld,  Sir  Robert,  3fi 

Half  pin  holes.  21& 

Half- through,  plate-girder  8i>aa8,  185 

economics  of,  fifi 
Halsted-Street  Lift-Bridge,  2M 
Hamilton  Arch  Bridge  over  the  Waikato 

River,  24fi 
Handling  of  work  in  shops,  368.  369 
•   Handrails,  190,  21^1 

military  bridges,  474 
Hand  riveting,  2D1 
Harbor  of  refuge,  318 
Hardesty,  Shortridge,  2QZ 
Harper's  Ferry  crossing  of  the  Potomac,  471 
Harrop,  Dr.  H.  B.,  MQ 
Havana  Harlxir  bridge,  proposed,  332 

transbordour,  proposed,  332-334 
Havre  de  Grace,  Md..  paint  ezperimenta,  4.^ 
Hayde,  Stephen,  IM 
Haydite.  IM 
Heat  for  shope,  367.  368 
Heat-treated  steel,  3Z 

intensities  of  working  stresses  for,  37 
Heel-counterbalanced-trunnion  type  of  bas- 
cule, 29Q 
Heel-trunnion  bascule,  20Z 
Height  from  springing  to  bottom  of  base,  226 
Height  of  climb  over  a  bridge,  54 
Helpers,  low-grade,  ^Si 
Heritage,  Carl  S.,  407, 
High  bridge  versus  low  bridge,  12 
High-carbon  steel, 

objections  to,  33. 

reinforcing  bars,  133 
High-level  bridge  versus  transbordeur,  330 
High  level  versus  low  level  crossings,  61^  62,  63 
High  steel.  M. 

reinforcing,  objections  to,  218 
High  unit  stresses,  133 
High  water,  clearances  above,  122 
Highway, 

girder-bridges,  223=225 

live  loads  for.  126 

trestles,  economic  span-lengths  of,  252 
Highway  bridges, 
decks  of,  ISL 

timlier  versus  concrete  for,  IfiZ 
economics  of  cantilever  and  suspension, 
IQfi 

economics  of  continuous  spans  for,  78 

floors,  tics  in,  192 

floor-systems  of,  l«>n-2nn 
Hildreth  &  Company,  3iil 
"HUlside"  blocks,  42& 
Hingeless  arches,  23Z 

three-hinged  arches  comparison,  229 
Hinge  plates,  21& 
Holding  power  for  bascules,  316 
HoUand,  ClifiTord  M.,  M 
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Holldw  >«haft«.  LOS 
Homo  offnf,  it'i>orti<  for,  380 
Honninfft'ii  cmsHinK  of  the  RhiiiP,  471 
Ho«JKly  River  hridRe  at  Calcutta,  proponed, 
291i 

Horse-propelled  vehicle}*,  21  \ 

Hospital  io\)»."  Ml 
Housatonic  River  ba-Tule  bridge.  30K, 
Mm 

H-»e<'tion  for  posts,  2QQ  ; 
Hudson  River  crosslink  at  New  York  City,  5li  ' 

railway  bridge,  uneconomirs  of,  60 
Hud?«on  River  Tunnel!».  511 
HuntiiiKton,  CoUis  P.,  12  I 
Hydrate<l  lime.  391.  4.57 
Hydraulic  |>ower  for  bridge  oi>enition,  311. 

Hydraulic  reduciiiK-Kcur.  iil3  I 

I 

I  ! 

Ice-breukerx.  109 
lee  drift.  122. 
Ideal. 

method  of  rontract-lcttinK,  344.  .14.5 
o|)eratinR  apparatus,  313 
shop  coat  of  paint,  4X1 
system  of  contract-letting,  343.  344 
Idleness,  3fifi 

Ignoring  of  impact  on  foundatic»n  piles,  140 
Illinois  Central   Railroad  Bridge  at  East 
Omaha,  22. 

Impact, 

allowances,  latest  mcnlifications  of,  1*27 

foundation  piles,  140 

old  bridges,  412 
Improvisation  in  militar>'  bridging,  47K,  470 
Inclination  of  lacing  bars,  207 
Increasing  fluidity  of  mixture  of  concrete,  301 
Increasing  national  efficiency,  2 
Indices,  card,  3fi0 
InfrtH^uent  loadings,  1.33 
lusfRM'ting  Bureaus  and  KngintH'rs,  3fiI2 
Inspection, 

compensation  for.  361.  3G2 

damages  for  faulty.  3fi2 

ec»)nomicM  of,  3<>1  3fi3 

economics  of  mental  effort  an  apt>lied  to, 
3M. 

field,  3M 
force,  3fi^^ 

importance  of  having  it  proi>erly  done, 
3ri4 

methods  of  payment  for,  362 

militarj'  bridges,  4s.'} 

omission  of  is  uneconomic,  362 

periodical,  419 

quality  of,  3M 
Inspectors,  fitness  of,  .363.  3M 
Instructions  to  resident  engineer,  3SD 
Instrument.^),  survoing.  3h2 


Intensities  of  working  streates 
concrete.  219 
heat-treated  steel.  31 

tension  and  compression,  relation  of,  1.3fi 
Intonue<iiatc  trusses  and  cables  for  8u»pcn- 

sion  bridgen.  2M 
Intermediate  trusses  for  cantilever  bridges, 

2mj 

luvcHtigation,  principle  of  economic,  6 

J 

Jack-stringers,  1S4,  IH.'i 

James  River  cro.ssing  by  General  Cirant,  471 
Japan  nil,  Siiio's,  4X6 

Jigging  of  freshly  made  con<Tete,  392.  393 
Joints  and  fastenings  of  military  bridges,  476 

K 

K-tru88, 21 

Kansas  City  bridge  over  MisHouri  River.  132 
Kansaii  City  elevated  railn)ad.  defective,  II 
Kansas  University,  lecturcst  on  engineering 

ecotiomics.  1 
Keeping  employees  busy,  380 
Knowledge,  collection  of,  3Q5. 

L 

Labor, 

a  blessing.  1 

facilities.  123 

handling  of.  IQ 

material  trr^un,  IK 

militar>'  bridges.  47S 

rise  in  pri**  of,  .34 S 

supply  of,  373 
Labor  and  capital.  .3.38 
Lacing  bars,  inclination  of.  907 
Lacing  versus  tie  plates  in  riveted  tension 

memlK»rs,  2QZ 
Lambrecht,  Jules,  3& 
Lamps,  electric,  in  shof>s,  367 
Large  stones  in  mass  of  c«increte,  3112 
Lashings.  476 

Lateness  of  starting  work,  .3.'iS 
Lateral  system,  dropping  of,  for  clearance, 
2Qfi 

Latin  Amerit-a  asking  for  busiucttts,  2 

Layouts, 

determination  of,  1 16-124 

fa<'tors  and  c<mditions  affecting.  I  in 

fiel(lw(»rk.  3isQ 

Leaching  of  concrete  by  i>ercolation  of  water, 

Lc  (ifnir  Cinl.  2fi 

Leiter'8  Air-Drying.  Salt-Water-Proof  paint, 
439 

Lengths  of  panels  for  reinforced-concreto 

girders,  221 
Ix?ttering,  3.'>9 
Leucol  oil,  125. 
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L.evecfl,  122. 
Life, 

nictal  bridge,  430 

rcinforced-concroto  bridgcH,  M. 

atcel  t)ridgos,  M 

water-proofing,  proliablo,  4r»I 
lift  bridges, 

automatic  brakes,  2&5 

balancing  chains,  2iM 

base  for  pavement, 

buffers,  iifiii 

location  of  machinery  houiw,  2!}5 
quantities,  2Siii 
records,  292  , 
Light. 

lx;neficial  effects  of.  .'WT 

shops,  3fiZ 
Light  bridges,  strengthening  of,  416,  417 
Light  structure  at  outset,  economics  of,  Ifi 
Lime,  hydrated.  391.  457 
Limiting  span-length, 

inferior  for  pin-connected  bridges,  74 

rcinforced-concrete  bridges.  6fi 

steel  arches,  241 
Limits,  econf)niic,  wide  range  of,  Ifi 
Lindenthal,  Dr.  Gustav,  76,  432 
Unseed  oil, 

alone  for  shop  coat,  43H 

boiled.  435 

List  of  author's  writings  on  bridge  economics, 

489.  AflQ 
Litharge,  434 

Little  Pedee  Iliver  crossing,  4Z2 
Live  loads,  12.'W127 

cantilever  bridges,  127 

<*ombined  bridge**,  132 

dci'rpai*ing  mth  span-length,  12-1 

determination  of,  13t  125. 

ex<'e,ssive,  125 

highway,  12fi 

steam  railway,  12ft 
Loadings, 

abnfimiJilly  heavy,  133 

aut4'>-tnic-k.  12.'i 

classification  of,  A12 

deep  foundations,  1^ 

electric  railway,  12fi 

future  additions  to,  Ifi 

highway.  12fi 

infrequent,  133 

military  bridges.  4iil 

standard,  for  old  bridges,  All 

steam  railway.  L2G 

Train,  Clawdfication  <»f,  413 
Loads  and  unit  stresses,  economics  of,  1 25- 
140 

Local  resources,  utilisation  of,  4h0 
Location. 

bridge,  effect  of,  on  economics,  25. 

machinery  houac  for  lift  bridges,  225 


Location, 

sidewalks,  lSi5 

top-chord  pins,  ',^14 
Locomotive  gaMes,  prutectiun  agaiust,  444 
Log  iMXjks,  .381 
Logs,  sunken,  122 
Longitudinal  girders,  spacing  of, 
Loose  plates  to  \jo  avoided,  21Z 
Loose  rivet/*,  423 
Love  for  work,  1 
Lowe,  Houston,  4.33.  444.  4M 

conclusions  concerning  paint,  4.1.3 

opinion  of  concerning  the  desirable  fea- 
tures of  an  anti-corrosive  metal 
coating,  4.34 
Loweth,  Charles  F.,  40L  409 
Low  bridge  rrrswt  high  bridge.  12 
Low  classification  for  old  bridges,  414 
Low  level  versus  high  level  cro8.siugs,  6L 
63 

Lubrication,  314.  31.'> 

Lumber,  treated,  unsatisfactory  for  fl(x>r,  42fi 

Lump  sum  contracts,  340 
objections  to,  340,  341 
suitable  only  for  war  times,  341 

Lytton  arch  bridge  over  the  Fraaer  River,  246 

M 

Machinery, 

breakdowns  of,  315 
definition  of,  314 

house  for  lift  bridges,  location  of,  'JSiL. 
operating,  economics  of,  310  .317 

function  of,  315 
power  operation  versus  oiieraiiun  by  hand, 

:W6 
shops,  378 
steel,  34 

utilixation  in  shopwork,  202 
Machine  shop,  378 

work  to  be  minimized,  211 
Machines,  scrapping  of  old,  3fiZ 
Magnesia,  excrescence  of,  45fi 
Maintenance, 

floors,  425 

masonry,  424 

operation,  capitalization  of,  15 

repairs,  124 

economics  of,  407-429 
Maintenance  of  bridges, 

economic  con.sideration,  410 

safety  consideration,  410 
Management  of  men  in  shops,  368.  3fi9 
Manner  and  time  of  mixing  concrete,  3iil 
Man-power,  .360.  3hfi 

Manufacture  of  concrete,  ec«inomic  problems 
in,  387 

Manufacturers'  standards,  20.'> 
Market  price  variatitjus,  effect  of,  23 
Marking  metal,  374 
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Masonry  maintenance,  424 
Masonry  piera,  IfiZ 
Masonry,  stone,  repairs  to,  42S1 
Materials  and  supplies,  3M 
available,  4H4 

best  proportions  of,  for  concrete.  ^87-380 

checking  of,  3H0 

counterweights,  294 

eInploy(^d  in  military  bridging,  474 

purchasing  cheaply,  386 

quick  ordering  of,  385 

special,  for  contracts,  373 

stock,  322 

storage  of.  .382^  386 

unloading  of,  380.  381 

verstu  labor,  Ih 

wrjri**  time,  18. 
Mathematics  in  bridge-economics  investiga- 
tions, llA 
Mattress  work,  122 

woven  brush,  474 
Mayarf  steel,  33i  3^ 

cables,  22fl 
Medium  spans,  erection  of,  399 
Members  in  military  bridges,  sisos  of,  477 
Men, 

management  of.  368.  Sfifi 
treatment  of.  385 
Mental  effort,  economics  of.  l& 

as  applied  to  inspection.  3M 
Merriman  and  Jacoby's  treatment  of  canti- 
lever bridges,  2fil 

Metal, 

cleaning  of,  422,  445 
for  shop  coat,  441 

life  of.  430 

marking  of,  374 

minimum  thickness  of,  201 

protection,  economics  of,  430-448 

storage  of,  .376.  Ml 

straightening  of,  374 

structural.  priccH  of,  23 

trimming  and  cutting  of,  374 
*'  Metalcote. "  432 
Methwls, 

comparison,  14 

contract-letting,  339.  34Q 

erection, 

profit-sharing  contract,  345,  346 
Military'  bridges, 
lx)lts.  422 
classes  of,  463 
concrete.  476 
deck  or  flooring.  474 
economics  of.  459—485 
improWsation  in.  478.  479 
inflpection,  485 
joints  and  fastenings,  476 
labor.  4ZS 

lock  of  strength,  45fi 


Military  bridges, 
loading.  481 
paint,  476 
piling,  42S 

plant  and  tools.  464.  477 
standardisation,  478.  479 
steel,  475 
stone.  476 
timber.  475 

transportation  of  materials,  482 

types.  464 

typical.  ICS 

waste  not  justified.  4i22 
Mill  inspection,  363 
Milling  and  planing,  3Z7 
Minimum  thickness  of  metal,  2Q1 
Mississippi  River  Bridge,  economic  study  for 

replacement  of,  13 
Mississippi  River  bridge  or  tunnel  at  or  near 

New  Orieans,  296.  319 
Missouri  River  Bridges, 

East  Omaha,  131 

Fort  Leavenworth,  repairs  to,  408 

Sioux  City,  121 
Missouri  Valley  Bridge  Company.  439 
Mixed  carbon  and  alloy-steel  bridges,  3Q 
Mixing  concrete, 

economics  of,  ■'^86 

increasing  fluidity  of  mixture,  281 

manner  and  time  of,  321 

water,  amount  of,  3&2 
Moisture  changes,  provocative  of  cracks  in 

concrete,  45fi 
Molybdenum, 

as  an  alloy,  34 

economic  benefit  from,  in  steels,  44 
gain  involved  by  increasing  percentaoe 
of,  42 

Molybdenum  steel,  3fi 
bridges,  use  in,  487 
Commercial  Steels  (catalogue).  3fi 
economic  comparisons  of,  44-51 
tests  of,  38-4a 

Monthly  estimates  to  be  made  promptly.  .181 

Montreal  enterprise,  Z 

Motive  power  dependent  on   location  of 

structure,  31D 
Movable  bridges, 

comparative  costs  of  various  types  of,  2fll 

economics  of.  284-3(H» 

effect  of  wind  pressure  on.  293 

examples  illustrating  use  of  economic 
cur\'e8  for,  304-308 

main  elements  in,  314 

pavements  for,  2113 

quickness  of  operation  in.  293 

skew  layouts  for.  303 
Multi-cylinder  gasoline  engine,  313 
Multiple  pimchcs,  325 

effect  of,  2Qfi 
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Mystic  River,  Brown  balance-beam  bascule 
bridge.  29L  298,  3!M 

N 

National  Economic  League,  ± 
National  efficiency,  increasing,  2 
Nature  of  banks  and  approachee.  4K3 
Nature  of  bottom,  4h:-{ 
Navigation  influences,  123 
Neceflsity  for  economic  studies,  Z 
New  Orleans. 

bridge  project,  12 

bridge  studies.  151.  1^ 

proposed  bridge, 

report,  8.  aiH 

tranabordeur,  description  of.  .T21-.123 
New  types  of  ponton  equipage.  472 
New  Westminster.  B.  C,  bridge  over  Fraser 

River.  131 
Nichro  steel.  3L  4ii 

Nichromol  steel  comparison,  4Z 

tests  of.  3fi 
Nichromol  steel,  34.  37.  48 

Nichro  steel  comparison,  4Z 

tests  of.  m 
Nickel-chromium-molybdenum  steel,  3Z 
Nickel-molybdenum  steel,  37 
Nickel  price,  as  affected  by  Great  War,  32 
"Nickel  Steel  for  Bridges,"  ftl 
Nickel  steel.  26.  H 

bridges,  use  in.  23 

cables,  280^  2fil 

floor-systems,  31  • 

Nicmol  steel  comparison,  ^ 

tests  of,  41 
Nicmol  steel.  37,  41 

Chromol  steel  comparison,  fil 

nickel  steel  comparison,  i& 

tests  of,  41 
Nobrac.  432 

Noise  of  gearing,  elimination  of.  313 
Non-continuous  versus  continuous  trusses, 
75-82 

North  River  crossing  at  New  Y<»rk  City,  58 
highway  tunnels.  5& 

proposed  bridge  fur  railway  and  highway 
traffic.  QQ 
Northwestern  Elevated  Railroad,  252 
Number  of  columns  per  bent,  liest,  224 

O 

Objections  raised  to  proposed  ideal  method  of 

contract^lelting,  :i">t  .'i'>r> 
Obstruction  of  waterway  by  pier  shafts.  12Q 
Office  work,  economics  of.  358-360 
Old  bridges. 

doubling-up  of.  407 

pins  in.  415 

rule  for  condemnation  of,  407 
strengthening  of,  4Qfi 


Omission  of  end  floor  beams,  203 
Omissions,  avoidance  of,  2Q 
One-man  stones  in  concrete,  '.isfi 
One-way  versus  two-way  reinforcing  in  slab**. 
22Q 

Open-dredging  and  pneumatic  methods  on 

same  job,  173 
Open-dredging  versus  cofferdam  method,  121 
Open-dredging  versus  pneumatic  process.  171 
Open  spandrel  versus  solid  spandrel,  228 
Open  timber  decks,  IM 
Open-web  girders  versus  plate-girders,  255 
Open-web  riveted  spans,  economics  of,  70 
Operating  apparatus,  ideal.  313 
Operating  bridges  by  hydraulic  prcsnure  or 

compressed  air,  31 1 
Operating  machinery  and  power,  economics 
of.  310-317 
function  of.  315 
power  of.  315 
strength  of.  315 
Operation  and  maintenance,  capitalisation 
of.  15 

Operation  costs  of  tunnels  and  bridges,  55 
Opinion,  expert,  gratis.  2 
Opposition  of  rival  promoters,  2Q 
Optimism,  2Q 

Ordering  quickly  of  materials,  HH^ 
Ordinary  swing  versus  bob-tailed  swing,  288 
Organisation,  field.  383 
Overestimating.  2Q 
Overloading  of  bridges,  13 
Over-stressing  counterM,  423 

P 

Paints  and  Painting.  379 
abrasion,  44a 
accessibility  for.  201 
application.  422 

after  cleaning,  44fi 
best  colors.  43fi 
best  kind.  430,  4M 
cement.  437 

climatic  influences,  421.  438.  440 

colors,  42S 

comparative  cost  of  application,  421 
correct  and  economic  theory  of,  44H 
covering  power,  436 
deterioration,  causes  of.  444 
economics  of.  4.t()-44s 
elasticity.  4.36 

experiments  at  Havre  de  Grace.  433 
factors  that  affect  results  in.  446 
fire-proof.  42Q 
for  steel  bridges.  421 

general  economic  observations  concern-  ' 

ing.  44Z 
highway  bridges,  427 
importance.  421 
incipient  failure,  445 
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Paints  and  psintinK, 

interior  of  shop  white,  ^f>7 

layen*.  thicknew.  447 

Leiter's   Air-Drying,  Salt-Water-Proof, 

Lowe's  conclusionH  concerning,  433 
military  bridges,  47fi 
mixing,  ^22 

newly-erected  steelwork,  44i> 

paste  form,  132 

powder  form,  432 

price,  447 

priming  cents,  422 
.    program,  42b 

recommendation  of,  by  engineers,  4.'^1 

spraying,  422.  440 

spreading  power,  4'M 

summary  of  author's  conclu!«ion(4  concern- 
ing, 44M 

temperatures  suitable  for,  44 M 
Panel  lengths,  economic,  17U,  'JO'.t 

for  suspension  bridges,  2fiii 

reinfc»rce<l-concrete  ginler,'*,  224 
Parallel  chonls,  economic  truss  depths  for. 

Parallel    chords   vermu    polygonal  chonlr*. 
ISO 

Pasadena,  Calif.,  bridge  over  Am^yo  Seco, 
24H 

Pavement*.  ISL  ISS.  21fl 

asphalt,  IM 

base  on  lift  bridgofl,  295 

bitulithic, 

bituminous,  188 

concn'te,  ISH 

expansion  joints  for,  219 

movable  spans,  293 
Paving  blocks,  xtorago  of ,  382 
Paying  enterprises,  8 
Pe<lestal», 

bases,  plain   concrete  vrrsua  reinforced, 
17.-^ 

cantilever  l)ri»lge«,  2fiQ 

costs    affecting   economic    Iay<nits  for 
trcHtles.  252 
Pe<le(«trian  traffic  on  translxirdeur,  323 
Petlestrian  travel,  21,  12J4 
Penalizing  a  contractor,  ."^iO 
Percentage  of  pn>fit  for  employees,  .'MK 
Percolation  of  water  through  concrete,  4M 
Peraiancncc  negligible  in  military-  bridges, 
4fi2 

Permissilile  pressures  on  soil  and  piles, 
PcnM)nal  (Equation  in  designing,  QH 
Petit  trusses  for  continuous  spans,  7S,  81 
Petit  rrritmi  Pratt  trus^sing,  21 
Philadolphitt-( 'unjdcn    .Suspension  Bridge, 
proiK>sed,  270.  HIS 
translKirdcur.  |>rfii>omMl.  335 
Pickling  of  mctalwork,  442 


Piers, 

minimum  expense  for,  52 

temporarj',  in  Missouri  River,  IfiS 

two-pedestal,  M. 
Pier-shafts, 

aosthotics,  IftH 

cocked-hat.  Ififi 

depth  below  water,  HQ 

reinforcing  of  concrete,  IfiZ 
Pigments,  character  of,  44K 
Piles, 

built.  2Sfi 

criiiM  vcrsua  caissons.  1Z3 
foundations  for  arches.  244 
friction.  15t> 
impact,  140 

loading,  permissible,  15fi 

military  bridges,  475 

piers  under  steel  spans,  100 

reinfoHiod-concrete,  225 

steel  sheet.  17L  122 

trestles  for  militar>'  bridges.  467 

trestles,  replacing  of,  419 

wooden  rrrstis  reinforced,  174 
Pin  licarings.  w^ear  in.  415 
Pin-c<)nnected  bridges,  inferior  span-length 
for,  24 

Pin-connectetl  elevated  railroads,  73 
Pin-connected  rrrrus  riveted  bridges,  12 
Pin  holes,  half,  2m 
Pins. 

cost  of  shopwork  on, 
•      ol<l  bridges,  41.'^ 
siBes,  2U2 

top  chords,  location  of,  204 
wear,  4'2li 

Plain  concrete  rergus  reinforced-concreto  for 

pedestal  Iwisoe,  123 
Planing  and  milling,  ■'^77 

sheared  edges.  2U2 
Plank  f1(H>rs.  undesirable,  425 
Planning  system  for  shops,  322 
Plant.  3H4 

erection,  402.  4Q3 

military  bridges,  404 

t(M>ls  for  military  bridgee,  477 
Plate-ginlers, 

cam)>ering,  202 

criterion  for  alloy  steels,  23. 

deck,  economics  of.  OH 

economic  depths  of.  178-180 

half-through.  185 
ecjinomics  of,  69 

open-web  girder  comparison,  25S 

round  comers  in,  207 
Plate-lattice-girder  spans,  70 
Plates, 

loose,  to  l»e  avoided,  217" 

standard  dimensions  for,  2S& 
Plot  forms  for  cleaners  and  painters,  446 
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I*neumatic  and  open-dredjdnR  methods  on 

same  job,  17:< 
Pneumatic  process  versus  opcn-dred|dng,  121 
I'*r>lyf(onal  chords  versus  parallel  chords,  IMl 
economic  depths  of  trusjtes  with,  176.  177 
Ponton  equipage,  new  types  of,  422 
Ponton  or  floating  bridges,  410 
Portable  drills,  322 

Possibilitiea  and  economics  of  the  trans- 

bordeur,  .•^lH-.^^^fl 
•*  Postdbilities  in  Bridge  Construction  by  the 

Use  of  High-Alloy  Steels, "  Sii 
Post*,  H-Boction  for.  2QQ 
Potomac  River  crossing  at  HariMjr's  P'erry, 

411 

Pound  prices  for  various  sections,  2Q& 
P»)wer, 

arbitrary,  of  resident  engineer,  .182 
conveyance  of,  'A12 
cost  of,  lis 

cros.sing  Imdges  and  tunnels,  54i  ^ 
economics  of,  ."^IQ-ai? 
efficiency,  definition  of,  311 
hydraulic,  311j,  312 
operating  machinery,  '^lA 
shop  operation,  3fifi 
steam,  for  bridge  operation,  211 
type  of,  dependent  on  location  of  struc- 
ture, aiQ 

Pratt  versus  Petit  trussing,  Zl 
Pratt  versus  triangular  trussing,  21 
Pre-moulded  slabH,  23Q 
Preservation  of  timber.  4 IQ 
Prevention  of  progress,  338 
Priws, 

alloy  st«els.  M 

alloy  steel  constituents,  M 

structural  metal,  erected,  23 

suspension  bridges,  25. 

unit,  for  bridges,  52 

variations,  effect  of,  23^  24. 
Priest,  IL  Malcolm,  75 

Primar>'  truss  members,  criterion  for  econom- 
ics of.  2Ii 
Priming  coats  of  paint,  122 
Principles, 

economic   investigation    of  engineering 
pnu'ticc,  (i 

general  economic,  fi 

of  tnie  economy,  importance  of,  I 
Probable  life  of  water-proofing,  4RI 
Probable  traffic,  211 

Problems,  economic,  in  manufacturt»  »)f  con- 
crete, 3«2 

Profit,  percentage  of  f<»r  employees.  34iJ 
Profit  sharing,  33H.  MjL  3211 

employees  of  manufnctun-rs,  352 

method  of, 
Progress, 

prevention  of,  XHi 


Progress, 

reports  and  charts  of,  381 
I*romotion  of  bridge  projects,  20 
Property  considerations,  120 
Property  (field)  of  the  engineers.  3S1 
ProjK>rtion8  for  concrete,  'AS7 
Proposed, 

enterprise,  economics  of,  2 

railroad  economics,  15 
Protection, 

against  brino  drippings,  44.'^ 

against  flood  and  drift,  4s.'> 

against  locomotive  gases,  444 

cement,  ^2 

fresh  concrete,  304 
Protrusion  method  of  erection,  399 
Public  Belt  Railroad  Commission  of  New 

Orieaus,  32U 
Punch  Shops,  325 
Punched  metal,  storage  of,  37fi 
Punching,  325 

full  size,  202 
Purcha.sing  Agent,  .'^84 
Purchasing  of  materials  cheaply,  .^Hfi 
Purified  steel,  33^  M 

Q 

"Quality  Xuml>er,"  M 

Quantities, 

vertical  lifts  and  bascules,  L>«>9 
wire-cable  suspension-bridges.  276 

QuoIk'c  cantilever  bridge,  30^  7_L,  132 

(iuecn.slK>ro  Bridge,  Lii5 

(iuick,  Howard  P.,  44ii 

*R 

Railroads, 

bridges,  electric,  187 

economi(*s  of,  6»  15 

elevated,  253 

economics  of,  2.'>0-2.'>fl 

military  bridges,  47:^ 

trestles,  economics  of.  2.">0-2.'>fl 
Rails  laid  din»ctly  on  steel  work,  183 
Rails  resting  on  steel  fl<K»r,  1 86 
Rangi;  of  economic  limits,  Ifi 
Ratios, 

cost  of  fixed-spun  bridges  and  their  ap- 
proaches for  various  i-Iearances 
aljove  high  water,  3ill 

ri«e  to  span,  225,  2:t:^-'At.'i 
Reaming,  -'^7^ 

subpunching  versui*  punching  full  size,  202 

templets.  205,  215 
Reronmiciidntion  of  paints  by  ciit!inc<>rs,  43 T 
Rccordinii  diagrams,  Lh. 
Recorrls. 

cost,  auQ 

floors,  422 
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Records, 

unit  coBtfl,  3S5 

weights  of  lift  bridges,  2dZ 
"Red  Lead  Lute."  432 
Red  lead, 

paint  for  shop  coat.  431 

proportion  of,  in  paint,  434 
Red  Oxide  No.  3L  432 

Red  Rock  Cantilever  Bridge,  deagning  of 

piers  for,  Lfil 
Reduced  live  loads  for  combined  bridges,  132 
Reducing-gear,  hydraulic.  313 
Reduction  of  voids  in  the  aggregate,  3Sfi 
Reichmann,  Albert,  211 
Reinforced-ooncrete, 
bridges, 

arch  bridges.  22^=23Q 

economics  of,  21h 

life  of.  64 

limiting  span-length  of,  6fi 

small  cost  of  maintenance  and  repairs 
for,  fi4 
caissons,  lfi9 
columns.  223 
girders,  22L  223=22fi 
pier-shafts,  167 
piles.  22^ 

piles  verms  wooden  piles,  174 
steel  structures.  M 
trestles  for  steam  railways.  230 
trestle  versus  steel  trestle.  1 L4 
versus  plain  concrete  for  pedestal  bases, 
123 

viaducts,  water-proofing  for,  AM 
Reinforcing  bars,  high-carbon  steel  for,  133 
Reinforcing  steel,  218 

Repainting,  determination  of  time  for,  44 r* 
Repairs,  124 

economics  of,  407-420 

renewals,  equipment  for.  4^ 

stone  masonry,  42Q 

timber  bridges,  419 
Replacing, 

long  spans,  405 

short  spans  on  old  substructure,  404 

steel  bridges,  403.  404 
Report, 

author  to  S.  P.  E.  E.,  3 

home  office,  380 

progress,  3ft  1 
Requirements  of  U.  S.  Government,  IM 
Resident  engineer, 

arbitrary  power  of,  382 

decisions  by,  381 

instructions  to,  380 
Resistance  of  brakes,  315 
Restrictions  of  speed,  412 
Retaining  walls,  231 
Revenue,  sources  of,  20 
Reversal  of  current,  122 


Reversing  streflses,  IM 

effect  of,  on  continuous  trusses,  7Z 
Rhett.  Albert  458 
Rhine  rn)SHing  near  Honningen,  471 
Ribljcd  structure  verstis  miid  barrel,  228,  229 
Rib  depths,  economic,  235.  23fi 
Rioe,  Geo.  8..  433 
Right-of-way,  cost  of,  114 
Rim-bearing   versus   center-bearing  swing- 
spans.  2&Z 
Rip-rap.  122^  424 
Rise. 

arch,  226 

economic,  of  suspension  bridge  cables, 
265.  266 

ratio  of,  to  span.  233-235 

with  span-length  unchanged,  225 
Rise  in  price  of  labor,  348 
Risk,  assumption  of,  340 
Rivalry  in  bridge  projects,  20 
River  traffic,  123 
Riveted  spans,  economics  of,  ZO 
Riveted  tension  members,  199 
Riveted  r«r«us  pin-connected  bridges,  72 
Riveting. 

arrangement  of,  Ifid 

michines,  377 

sequence  of,  21A 

staggered,  211 
Rivets, 

loose,  423 

spacing,  210 
Roads,  drainage  of,  454 
Roadways, 

crowning  of,  426 

widths,  12Z 

widths  for  military  bridges,  473,  474 
Rolled  I-beam  spans,  economics  of,  67 
Roller-bearing  bascules,  290 
Rolling-lift  bascules,  290 
Roof  protection  for  timber  bridges,  420 
Round  comers  in  plate-girders,  201 
Rusting  as  affecting  detailing.  2ill 

S 

Sabin,  Dr.  A.  H^^  433^  4.3fi-43« 
Safety  and  permanence  in  military  bridges, 
462 

Safety  considerations.  370 

Safety  factor  small  in  military  bridges,  4fi2 

Salary  for  contractor,  objectionable,  34K.  349 

Sand  and  gravel  used  without  screening.  390 

San  Francisco  Harbor  Bridge,  proposed,  16 

.Sanitation  of  bridges  and  tunnels,  56 

Scamping  work,  342 

Scarcity  of  timber,  growing,  22 

Schedule  prices  for  various  sections, 

Schneider,  C.  C,  282 

Sciotoville  bridge,  75^  77 

Scour,  122i  424 
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Scrapping  old  machines,  3fiZ 

Screens  between  railway  and  highway  traffic, 

122 

Sealing  cofTerdams,  172 
Secondary  stressew,  72i  131 

intensities  of  working  stresses  for,  L3fi 
Second  Narrows  proposed  bridge,  Vancouver, 

B.  C,  lai 

Secrecy,  4M 

Sectional  trusses  and  girders  for  military 
bridging,  468 

Sections, 

columns,  best,  2^ 

floor  beams,  Ibfi 

stringers.  1S6,  2Qfi 
Selection  of  site  for  military  bridges,  i83 
Seltxer.  Harry  K.,  3&a 
Semi-cantilevers,  S3 

Semi-cantilevering  of  continuous  trusses,  RI 
Separation  of  entrances  and  exits,  55 
Shafts, 

depth  below  water,  12Q 
hollow.  IfiS 
proportioning,  lfi7 
Sharing  of  profits  with  workmen,  3ZQ 
Sheared  edges,  planing  of,  2Q2 
Sheet  piling,  steel,  17L  122 
Shelf  angles,  IM 
Shelves,  211 

Shifting  of  channel,  122^  2fi3 
Shop. 

accidents,  370^  3Z1 

assembling,  378.  379 

blacksmith, 

coat,  cleaning  of  met-alwork  for,  441 
coat,  red  load  paint  for,  431 
considerations,  2QQ. 

economics  in  designing  for,  2fl2-213 
designing  to  suit  fabrication,  3M 
drawings.  2Jil 

should  not  be  prepared  in  Consulting 
Engineer's  office, 
electric  lamps,  367 
floors,  32A 

handling  of  work,  368.  3fi& 
heat,  36L  368 
inspection,  363 
light,  afiZ 
machinery,  378 
management  of  men,  368.  3flfl 
operation,  power  for,  3(1(1 
painting  interior  white,  'diiL 
fdte  of  force,  3SU 
smoking,  371 
space.  36L  368 
sp>ecial  space,  377 
standardisation,  3Z2 
storage  ground,  373 
tracks.  322 
ventilation,  367.  afi£ 


Shopwork, 

cost  on  pins  and  holes,  7^ 

economics,  365-379 

general  economic  problem,  365.  3Qfi 
Short  cuta  in  computing,  02 
Side  friction  on  caisson,  1^ 
Side  plates,  avoidance  of,  206 
Side  rails  of  military  bridges,  124 
Sidewalks,  189^  12g 
Silicon  steel,  33^  M 
Simple-truss  bridges, 

cantilever  bridge  comparison,  83-89 

ecxmomic  limit  of  length  for,  M 

economic  span-lengths  for,  17^  1S0-16S 
Simple  versus  continuous  reinforced^^oncrete 

girders,  22L  222 
Single  angles  in  tension,  2fM 
Single-leaf  versus  double-leaf  bascule,  289 
Sioux  City  Bridge  over  Missouri  River,  131 
Sipe's  Japan  oil.  436 
Site  selection  for  military  bridges.  483 
Sixes  of  individual  members  in  military 

bridges.  477 
Skew  layouts  for  movable  spans.  303 
Skewed  crossings  for  vertical  lifts,  293 
Skewed  spans,  202 
Skids,  376,  322 
Skimping  details,  133.  201 
Skimping  reinforcing  of  girders,  222 
Skinner,  Frank  W..  396 
Slabs. 

continuity.  221 

designing.  220 

pre-moulded.  230 

steel,  arrangement  of,  220,  221 

supporting.  123 

water-proofing.  4M 
Smoke  effects  on  steel,  416 
Smoking  in  office,  358 
Smoking  in  shops.  371 

Society  for  the  Promotion  of  Engineering 
Education.  3 
author's  report  to,  on  study  of  econom- 
ics, 3 

Soil  pressure.  i>ermisHihle.  155 
Solid-barrel  arches,  222 

ribbed  arch  comparison,  228.  22Q 
Solid  drilling.  208 
Solid-slab  trestles.  230 
Solid  spandrel  vrrsut  open  spandrel.  228 
Solitary  columns  versus  braced  towers,  2.'»4 
Solitary  piers  for  cantilever  bridges,  260 
Soundings  around  piers.  4SU 
Space  in  Hhops,  367. 
Spacing. 

columns  in  bents.  253 

longitudinal  girders,  224 

rivets.  210 

stringers  and  cross  girders,  192.  IM 
trusses,  IM 
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SparinK-tables,  375 

Spandrel-braced  arch,  TSIL  I 
Span-lcnKths,  ' 
archoH,  inequality  in  length  of,  227 
economic, 

cantilever  bridKOH.  258 
determination  of.  17|  1^ 
elevated  railroads,  254.  25fi 
for  trestles,  'A'lO  'jrid 
riae  unchanged,  22fi 
simple-truss  bridKes,  IT^  15Q-lfi.^ 
tabulation  of,  KM) 
effect  on  comparative  economics  of  steel 
and   reinforced-coucrete  struc- 
tures, liti 
limitinK,  for  steel  arches,  241 
Spans  without  floor  systems,  li^ 
Spar  bridjces.  466.  4fiZ 
Special  material  for  contrartD,  .323 
Special  material  to  Ik*  avoided,  205 
Special  spat^e  in  shops,  377 
Specifications,  standardisation  of,  3Z2 
Speculative  zone,  iiQ 
Speed  restrictions,  412 
Speo<l.s  for  maximum  impact,  414 
Spiral  approaches.  §9,  Li4 
Splaying  of  trusses  in  cantilever  bridges,  2r>f) 
Splices  in  webs,  207 
Spraying  of  paint,  422.  440 
Spreading  power  of  paint,  436 
Springings,  arch,  22fi 
Spur  gearing,  '.\\2.  213 
Staggered  riveting,  211 
Standard, 

apparatus,  use  of,  316 
dimensions  for  plates,  205 
loadings  for  old  bridges,  411 
parts,  importance  of  u^ing,  359 
Standards  of  bridge  manufacturers,  2Q& 
Standardization, 
bridges,  372 

military  bridging,  478.  479 

shops,  372 

s[>ecification8,  3Z2 
Stay  plates  inside  of  gussets.  1^)3 
Steam  p<jwer  for  bridge  operation,  ill 
Steam  railways. 

electrified.  126 

loadings,  L26 

reinforced-coucrete  treatleii  for,  230 
Steel, 

an'hes, 

economics  of,  232  -249 
limiting  spun-length  for,  241 
tabulation  of  salient  features  of,  234 
bottom    chonis    in  n?inforced-concr<»tc 
arches,  222 

bridge!^, 

comparative  economics  of  different 
tyiK's  of,  til 


Steel, 

life  of,  84 

replacing  of,  403,  4Qi 
cylinder  piers,  Ififi 

forms  for  concrete  compared  with  timber, 

no 

growth  of,  215 

military  bridges,  475 

sheet  piling,  171.  122 

structures,  prevention  of  corrosion  in,  421 

treatment  of,  for  encasement,  44.X 

trestles, 

columns,  method  of  proportioning  of, 
134 

economics  of,  250-256 
reinforoed-concrete    trestle  compari- 
son, 1 14 

Steel  vtrsxu  reinforced-concrete  structures,  64 
Stcinman,  Dr.  D.  B.,  90,  9L  ft5-U)fl 
Stiffened  buckle-plate,  105 
Stiffening  angles,  fitting  of,  203,  212 
Stiffening  trusses,  anchored  trr»u»  free  ends, 
265.  2fiS 

Stiffening  trusses  for  suspension  bridges,  26^ 

formula  for  weights  of,  Si3 
Stitch  rivets,  20il 
Stock  materials,  322 
Stone  in  military  bridges,  426 
Stone  masonry,  repairs  to,  420 
Stone  masonry  vrritus  concrete  for  piers, 

mz 

Stoppage  of  traffic  in  tunnels,  5Z 
Storage, 

batteries.  312 

explosives.  3h2 

ground,  divided,  for  shops,  373 

materials, 

metal,  ill 

punched  metal,  3Zfi 
Straightening  metal,  324 
Strauss  l>ascule,  2&1 
Stream  conditions,  122 

velocity,  122 

width,  4>S3 

Street  car  traffic,  method  of  supporting,  425 
Strength. 

alloy  steels,  38=43 

operating  machinery',  315 
Strengthening  old  bridges,  409 

light  bridges,  416.  ill 
Stresses, 

combination  of,  133 

cantilever  bridges  and  arches,  135 

old  bridges,  415 

rt'versing,  135 

summing  up.  135 
Stringerless  type  of  floor-system,  193.  194 
Stringers. 

crooke<l,  466 

depths,  economic,  185 


J  by  Google 


INDEX 


509 


Stringers, 

sections,  2Qfi 

Bpacing,  192,  lifci 
•*  Strurtural "  defined,  MA 
Structural  metal,  price  of,  23 
Structure,  general  features  of,  12Q 
Student   comi>etition   on   coat  estimating,  1 

141.  140-145) 
Study  of  engineering  economi«'s,  importance 
of.  a 

Subpaving  or  base,  1H9 

Subpuuchiug,  'ill  1 
Subpunchiug  and  reaming  vrrsua  punching 

full  size.  2U2 
Substructure, 

economics,  lfi7-174 

influence  on  arch  economics,  238-243.  2A5  ^ 
Sunken  logs,  112 
Suiierintendent, 

Supplies,  3H4  , 

availability  of,  123 
Supply  of  labor,  323 

Supporting,  ' 

cables  for  verfiral-lift  bridges,  205.  | 

machiner>'  parts,  314 

structure,  314 
Sur\'e>'ing  instnmaent?,  3S2 
Surveys,  co|)ying  of.  fr<)m  field  books,  3S1 
Suspended  span  in  cantilever  bridges,  eco- 
nomic lengths  of,  I 
Suspending  floor  from  Imckstays.  20fi 
Suspension  bridues.  212  * 

anchoraRos,  0±,  2IiZ 

approaches,  2fifi  | 
lx»st  system  of  cancellation  for  stifTeninK 

tnisw's,  21i5  I 
buckle-plate  floor.  2fi3 

cantilever  bridge  comparison.  OO- 1 1 '2  ' 
decks.  2Ii3  I 
economic  dimensions.  25  I 
economics,  ij(>;^-L's;<  , 

panel  lengths  in,  20.5  I 

rise  of  cables.  265.  266 

truss  depths.  26.'S 
ends  of  stiffening  trusses  free  or  anchored, 

2r.r> 

erection,  401 

eye-bar    cable,    quantities    of    various  i 

materials  in.  ^7S 
flcH>r-»y8tem.  2fi3 
formulaj  for  weights.  27.3- 27.^ 
intermediate  trusses  and  cables,  264 
legitimate  function.  '2C)'A 
limiting  widths  of  structure,  M 
militar>'  bridging,  46» 
nickel  steel  floors,  264 
prices,  25 

quantities  for  wire  cables,  276 

stifTeninn  trusses,  2fi5 

weights  of  alloy-steel  eye-lmrs,  277 


"Suspension  Bridges  and  Cantilevers — Their 
Economic  Proportions  and  Lim- 
iting Spans.  ".90 
Swiftness  of  current.  4 S3 
SwiiiK  spans,  2i]ii 

bas<-ule  or  vortical-lift  comparison.  2K4. 

combined  rim-l)earing  and  center-bearing 

type  of.  2Sa 
comparative  economics  of.  308 
ewnomics  of.  ^h? 
Symmetr>',  2112 

System  of  contract-letting,  ideal,  M.i.  344 
Systemization,  IH 

T 

Tabiilation  i»f  economic  span-lengths,  160 

Talking  among  employees,  3^ 

Technical  l)<x)k  writing  an  extravagance.  4x6 

Technical  schools,  study  of  econ(»mics  in.  3 

Tt!m|>enitures  suitable  for  painting,  ^14 S 

Templet  shop,  379 

Templets,  reaminK  to,  205,  215 

Ten>i)orar>'  bridm»s,  21 

Temporary  economic  expedients,  15 

Tenip<irnr>'  piers  in   Missouri   Uiver,  16ft 

Tests. 

alloy  steels.  3S -43 

cement.  .3H() 

meml»ers  in  full-size  bridges,  13S.  1.30 
Thickness  of  web.  '207 
Three-hinged  rersun  hingeless  arches,  220 
Three-hinged  rrmus  two-hinwetl  arches,  •->:^S 
Three-span  structure,  economic  investiga- 
tion of,  \f\ft 
Through  lx)lts  in  military  bridges,  477 
Thrust  of  braked  trains,  140 
Thrust  of  earth,  influence  of,  22K 
Tides,  122 

Tie-plates  a  ne<-essity,  1K2 
Tic-plates  ventu.s  lacing  in  riveted  tension 
members,  207 

Ties, 

highway  bridge  floors,  132 
street  car  frafTic.  42.5 
treated,  economics  of,  1S2 
Timl)er, 
bridnes, 

fire  protection,  ^2Q 

repairs.  410 

roof-prrttcction  for,  420 
decks.  lK4-in:-. 

concrete  for  highway  bridges,  com- 
parison with.  1S7 
growing  scarcity  of.  22 
military'  bridKcs,  475 
prices.  23 

steel  for  concrete  fonns.  comparison  with, 
HQ 

treatment,  1S3.  iss 
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Timber, 

trestles.  113-115 
approachoA,  21 
gUinK  up.  112 
low  claiwdfiration  of,  415 
military  bridges,  ifi& 

Time, 

conniderationB,  121 

element  in  war,  ^fiQ  I 

expenditure  on  approach  (trades  to  hridKes 
and  tunnelM.  5&  j 

factor  flul>8titutc<i  for  cost  factor,  4fil  | 

mixing  concrete,  2&1 

repainting,  determination  of,  445 

required  for  solution  of  economic  prob-  ! 
lems,  ^ 

schedule  of  ficldwork,  iam 

verms  material,  lH  i 
Toch  Broi*.,  431  I 

Tockolith."  432.  432 
Tool  equipment,  314 
Tools  for  military  bridges,  477 
To|>-chord. 

pins,  location  of,  2DA 

polygonal,  economic  depths  of  tru-sscK 
with,  176,  121 
Top  flangeft,  cover-plates  for,  2QQ 
Totrh,  use  of,  for  cleaning  metal,  441 
Towers  for  vertical  lifts.  2M. 
Tracks.  3H4 

electric-railway,  IfiQ 

gauntleted,  I2ii 

shops.  3Z& 
Traction  loadings  for  old  bridges,  412 
Traffic, 

congestion  at  entrance  and  exit.  54. 
diversion  of.  during  replacement,  i 
investigations.  2Q 
pedestrians  on  trans)M>rdeur.  323 
probable.  2Q 

sevenU  kind8  on  one  deck,  12h 

tunnels,  st^^ppage  of.  5Z 
Trains,  thrust  of  braked,  14Q 
Transbordeur, 

author's  improvements  on.  32S1 

comparative  operating    capacity,  328- 
330 

conditions  favorable  for,  33Q 
description,  31 S 
efficiency.  33Q 

general  conclusions  concerning  the  eco- 
nomics of.  3.'io.  33fi 
Havana  Har'.tor.  proposed.  .^32-3.'^4 
high-level  bridge  comparison.  330 
improvements  on  present  t>'pe  of,  319.  , 

inferior  features  of.  31 S 
New  Orleans,  description  of.  391-.-^9a 
ordinarj'.  de!*criptif»n  <)f.  319 
Philadelphia  and  Camden,  propose*!.  335 


Transbordeur, 

possibilities  and  economics  of.  31R-.'^fi 

summary  of  conclusions  on  economics  of, 
320^321 

time  schedule,  32d 

types  of  truss  suitable  for,  313 

velocity  of  cages,  323 
Transformers,  312 
Transporta  tion , 

materials  for  military  bridging.  482 

unnecessary,  elimination  of. 
Transporter  bridge,  31 S 
Travel,  automobiles  in  tunnels,  ^ 
Travelers,  expensive  for  deep  tru.-wH's.  HC 
Treated  lumber  unsatisfactory-  for  sidew.ilks. 

Treated  ties,  economics  of.  1S9 

Treatment  of  men.  r^H.'i 

Treatment  of  steel  to  be  encased,  443 

Treatment  of  timber,  1S3,  lb& 

Trestles, 

approaches,  timber,  21 
double-track  railway.  252 
economic  span-lengths.  2.'iO-256 
highway,  economic  span-lengths  of,  252 
military  bridges.  4fiZ 
ix^destal  coBt«  affect ing  economic  layouts. 
252 

reinforced-concrete  for  steam  railways. 
23Q 

span-length,  economic,  for  militar>-.  IfiS 

steel,  economics  of.  250-2.'>fl 

r*T»u«  reinforced-concrete.  1 14 
Triangular  trusses,  divided,  for  cf>ntinuous 

spans,  78^  SO 
Triangular  rersua  Pratt  trussing,  Zl 
Trimming  and  cutting  metal,  374 
Troubles,  anticipating.  371 
Trough  floors.  182,  214 
Truck  loadings.  125 
Trucks,  grout  weight  of,  425 
True  economy,  development  of,  2 
Trunnion  bascules,  2i2Q 
Trusses. 

bridges,  economic  span  lengths  for,  150- 
lfi5 

crescent,  272 

criterion  for  alloy  steels.  27,  2S 

depths,  economic.  f«»r  parallel  chonls.  llfi 

depths,  economic,  for  susp^ension  bridge*, 

depths  for  cantilever  bridges.  25& 

doubling  of.  21 

economics  of.  17.'>-1.S1 

spacing,  lKf> 
Tullock,  A.  J.,  43fl 
Tunnels, 

almost    always    more    expensive  than 

bridge,  M 
automobile  travel  in,  53 
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Tunnels. 

breakdown  of  vehicles  in,  SL 
bridge  costH  compurcd,  51 
bridges,  comparative  cost  curves  for,  §7 
bridges,  comparative  economicA,  12^  S3. 
building  one  pair  of  tubes  at  a  time,  ad- 
vantage of,  5!k 
carbon-monoxide  gas  in,  52 
cost  of  operation,  55. 
cost  of  power,  [i5. 
depth  of  descent  into,  M 
diameters,  a2 

disagroeableneiw  of  traversing,  54i  ^ 
Hudson  River.  5fi 
sanitation,  5& 

separation  of  entrances  and  exits, 
stoppage  of  traffic.  57 
traffic,  blockade  of,  5fi 
travel  in.  52 

variation  of  cost,  with   diameters,  5.3, 
51 

ventilation,  52 
Turning  flanges  of  channels  in.  200.  20.*^ 
Twelfth  .Street  Trafficway  Viaduct  in  Kansas 
City,  22fi 

Two-<"olumn  versus  four-column  stnicturos 

for  elevated  railroads,  251 
Two-p<»<lestal  piers,  QA 

Two-way  rersu:f  one-way  reinforcing  in  slabs. 
220 

Type  A  cantilevers.  8fl 
Types  of  military'  bridges,  464 
Typical  military  bridges.  105 

U 

Unbalanced  wind  pressure,  215 

Unchecked  drawings.  25& 

Unclassified  work.  ."^Hl 

Union  Loop  Elevated  Railroad.  252 

Unit-cost  records,  ^s!^ 

Unit  prices, 

alloy  steel  constituents,  M 

bridges,  51 

method  of  contract-letting,  21Q 

various  sections,  2D5 
Unit  stresses, 

determination,  122 

economics,  12.'>-140 

old  bridges,  415 

limiting,  410.  Ill 
Unit  wind  loads,  .110 

University  of  Kansas,  lectures  on  engineering 

economics,  i 
Unloading  of  materials,  3K0.  2iil 
Unnecessary'  transportation,  elimination  of, 

3£iG 

Utilization, 

existing  bridges,  4Rn 
local  resources,  4S0 
machinery  in  shopwork,  202 


V 

Vanadium  steel,  33,  M 
j  Vancouver,  B.  C,  bridge  painting,  439 
'  Variation  of  cost  of  tunnels  with  diameters, 
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